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INTRODUCTION 


Soon after commencing the study of Haplobothrium giobuli- 
forme Cooper (1914 a and b) the writer saw that, apart from the 
early and somewhat brief reports and descriptions by Leidy and the 
later, but yet pioneer work of Linton on both marine and fresh- 
water species, very little had been done on the membera of the or- 
der in America. Consequently the desire for an opportunity to 
work up other specics which had in the meantime been coliecoted at 
the Canadian Lake Biological Station on GeorgiarBay, located at 
Go-Home-Bay, Muskoka District, Ontario, and at the Marine Biologi- 
gal Station at St. Andrews, New Brunawick, grew with the feeling 
that something of a comprehensive nature ought to be undertaken in 
order not only to ascertain to what extent Furopean species are to 
be found in this continent but also to properly locate in the 
olassification at least some of the new forms formerly described 
especially by Linton. Altho the material then at hand waa invea- 
tigated to a certain extent at the University of Toronto, it was 
not until the writer came to the University of Illinois that it was 
studied at all thoroughly with the aid of other material from the 
| gollcetion of the University of Illinois, under the eare of 
Professor Henry B. Ward, for comparison. 

: Supplementary material, which in many cases was all that 
waa available, wes obtained by Dr. Ward from the United States 
ational Museum and the Bureau of Animal Industry, but apart from 
a few ‘vwials no European specimens aculd be procured owing to the 
present international conflict. On account of the lack of the 


latter most of the determinations have been made with the aid of 
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the literature only, a fact which the writer feels may necessitate 
future changes in sonnnection with a few apecies which have been 
more or less tentatively regarded to be the same as those in Turope. 
Im ali oases, however, the specific detalles of the Amerioan forms 
have been emphasiaed so that if chances have to be made later, the 
basis for such will be at hand. The writer sonadd opetint out in 
this connection the comparative lack from a systematic standpoint 
of adequate descriptions of many of the Turopean species which 
have been known for many years. It was thia fact which in the 
absence of the original material for comparison made the present 
work one attended with not a little difficulty. 
g In the main the classification of the order adopted by the 
writer ia that proposed by Luehe in 1902 in his "Revision meines 
Bothriocephalidenaystemes" and later (1910) retained in "Die Suss- 
wasserfauna Deutschlands"® with only a few modifications. The 
family of the Caryophyllacidae is, however, not included, 30 that 
the order is considered te be rather that of Carus (1863), with, 
of course, Luche's later conceptions of the other families. One 
of the latter has now again got to be modified considerably owing 
to the present study of two quite aberrant species, viz., Haplobo- 
thrium globuliforme Cooper and Marsipometra hastata (Linton) which 
have been found by the writer to be very disturbing to the olassi- 
fication, the former, in facet, possessing a scolex which bears 
atrong resemblance to that of the order Trypanorhyncha. 

The writer wishes to hare tender his thanks in the first 
place to the Biological Board of Canada for placing means and 
facliities at his disposal in connection with his earlier collect- 


ing at the above mentioned Canadian Biological Stations; to the 
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University of Illinois for the oprortunity of collecting further 
material at the Waine Biclogical Laboratory at Woods Hole, Massa- 
chusetts, and at the Harpswell Laboratory, South Herpewell, Maine, 
during the summer of 1916, and to the staffs.of these institutions 
ag well as to that of the Maine Laboratory of the United States 
Bureau of Fisheries at Woods Hole for assistance and direction in 
gonneotion with the same; to the Smithsonian Institute and the 
ress of Animal Industry, from whom valuable material was obtained 
for comparison, in the latter case thru the kind offices of 

Dr. Cc. W. Siles of the Hygienie Laboratory, Washington; and to the 

following investigators for aicoholic specimens: Professor 0. 
Fehrnan’ University of Neichatel, Professor Fdwin Linton, Washing- 
thon and Jefferson College, Professor EF. M. Walker, University of 
Toronto, Dr. H. J. Van Cleave, University of Illinois, Mr. H. R. 
HA] and Mr. R. P. Wodehouse. 

3 Finally to Professor H. B. Ward the writer wishes to ex- 
press his sineere indebtedness not only for the use of hia exten- 
ive private library and collections and for his procuring rare 
books and specimens, but for his constant and atimulative interest 
in and valuable criticism of the work which has resulted in the 
following paper. 
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HISTORICAL DATA 


Apart from Gmelin's (1790) collecting toreether the data 
given by the older writers such as Linnaeus, Pallas, Muciler, 
Riese, Bloch, Fabricius, Batsch, Sehrank, and Abildgaard and 
Giserte (1880 and 1803) treatises, the first most important work 
on the bothriocephalid cestodes was the "Entozoorum Historia 
Naturalis" by Rudolphi (1808-1810). In thie he reviewed the 
earlier literature, making valuable comments on the same, and 
described species of Ligulay Triaenophorus and Bothriooephalus, 
the latter name being used for the first time. While Lamarok 
(1816) dealt with only the more common species, Rudolphi in his 
@poons work of major importanoe, the "Entozoorum Synopsis" (1219), 
made some corrections of his earlier publication and further con- 
tributions in the way of a few new apecies. Leuckart (1919), who 
aia not receive Rudolphi's "“Entozoorum"™ until after his work was 
in print, dealt only with apesies of the genus Bothriocephalus as 
conceived by Rudolphi, which then contained members not only of the 
Peeudophyliides but also of the Tetraphylliidea and the Trypanorhyn- 
cha. Witzsch (1824) briefly defined the species of the aame genus, 
while later in the aame publication Creplin (1639) deslt with them 
more in detail and erected the new genus Schistoeephalus. Drwnamond 
7 (1838) was one of the first to report bothriocephalids from the 
British Isles, while Bellingham (1844) and Thompson (1844) made 
further contributions, all three dealing with forms from Ireland. 
Escehricht (1841) published some of the earliest data on the internal 
anatomy of the group, and Koeliiker (1843) made a study of the 


development of the eggs of a few species. The next and perhaps 
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most important work was that by Dujardin (1845) who, while follow- 
ing Rudolphi in the main, made many valuable aiditions from origin- 
@l observations. Van Beneden (1849 and 1850) first essayed to 
eregt a more comprehensive classification than had hitherto been 
uged, and Diesing (1850) went such farther in his Subtribe I, 
Gymnobothria, of Tribe IV, Bothriocephalidea, of Suborder I, 
Aprocta, of Order IV Sephalocotylea. Baird (1853) reverted to 
Rudolphi'ta brief system in listing forms from the British Museum. 
Wagener in two papers (1854 and 1857) gave studies on the develop- 
went which oven today are models of careful work and excellent 

412 lustrating. Leidy (1855 and 1856) was the first to report forma 
from America, while Weinland (1858) in his "Esgay* made a few 
references to bothriocephalids. Then, until Diesing (1863) revised 
his Glassification nothing of systematic importance wag published. 
Olsson (1867) was one of the first to report species from the 
Seandinavian countries; later (1876 and 1893) he made further con- 
tributions from the same source. After Willemoes-suhm's (1869) 
studics on the development of Sch. dimorphus, came Duchamp's (1876) 
and Donnadieu's (1877) classical experiments on the life-histories 
of the Ligules. In his Compendium Linstow (1878) brought together 
in @ list the forme known up to thet time. A few years later 
Fratpont (1880, 1881) published studies on the exoretory system of 
@ munber of species which even to-day are perhaps the most impor- 
i t contributions in that direction, The nervioua system was made 


objeot of special inquiry by Lang (1881), while later it was 





deait with more at length by Wiemieo (1838) and Cohn (1898). After 
@ period in which such works as Moniez's (1881) "Memoire", 
Xechokke's (1984) researches, snd Schaumsland's (1885) studies of 
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the embryonal development are prominent, we arrive at the second 
reports of species from America, namely, those contained in 
Linton's (1889) first paper. This wae followed by a second (1890), 
containing extensions of the first, and much later by others 

(1891, 1897, 1901 and 190la) dealing with a variety of forme from 
marine and fresh-water fishes. Further enatomical studies by 
Loennberg (1891), Kraemer (1893), Metz (1893) and Zernecke (1895) 
lead us on to Monticelli's (1892) classification, which was the 
most important since the time of Diesing, altho Perrier (1878) had 
in the meantime published his ideas along that line. The next in 
order is Ariola(s (1896) division of the family "Bothriocephalidae*, 
in which incidentally were yet to be found errors regarding the 
position of the bothria. Beginning with 1894 and continuing to 
1900 there was in progress the publication of Braun's "Cestodes"® 
\in Bronn's "Thierreich",) which is by far the most important work on 
the group since it brings together in a comprehensive manner the 
substance of the most important of the earlier works on the morpho- 
logy as well as the system of the group. One of the first papers 
by the late Dr. Luehe, who wes the leading authority on the group 
was that (1896) in which he dealt with the nervious system of 
Ligula. Further study led him to rublish a few years later (1899) 
his first classification, which was adopted by Braun (1894-1900). 
In the meantime Loennberg (1897) made important contributions to 
the knowledge of the phylogeny of the parasitic flatworms; while 
Gamble (1896) in the "Cambridge Natural History" and Perrier (1897) 
had ereoted systems of classification which, however, do not have 
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by Luehe. In 1900 Ariola brought out his revision of the family 
of the Bothriocephalidae, which, however, was shown by Luehe 
(Ariola, 1901) to be rather of the nature of a compilation, in- 
volving at the same time several omissions, than a distinct advance 
in our knowledge. Then in 1901 there appeared in Lankester's 
"Treatise on Zoology" Benham's classification of Cestodes which 
professedly follows the earlier works of Railliet and Blanchard. 
Luehets (19063a) revision of the bothriocephalid system comes next 
in order, It is this newer system, only slightly modified in 
i910, that is accepted by the writer with several necessary modifi- 
gations which are dealt with below. 

From 1902 until "Die Stsewasgerfauna Deutschlands" was 
published the literature on the group consists mostly of papers on 
individual species or mere listings. Spengel'a (1905) paper on 
"Die Monozootie der Cestoden" ought, however, to be mentioned, 
since it is one of the latest discussions of a question which ocou- 
pied a good deal of the attention of many of the older writers. 
Finally Ward (1910) and the writer (1914 a and b) made the latest 
additions to the American literature, while Stiles and Hassall 
(1912) won the gratitude of the younger workers at least by their 
publication of the section of the "Index-Catalogue of Medical and 
Veterinary Zoology" on "Subjects: Cestoda and Cestodaria" which 
the writer has found of inestimable value in the pursuit of his 
studies. 
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EXPLANATION OF TERMS 


Owing to not a little confusion which exists in the 
earliest literature regarding the terms of orientation used for 
the oeatode body, the writer wishos to here explain those that 
will be employed in the specific descriptions below. Even much 
later than the time of Diesing (1850) the word "lateral" referred 
to the flat surface of the strobila, while "marginal' was and is 
even yet perfectly clear; but from the standpoint of bilateral 
symmetry both words may mean the same thing. Here they are con- 
sidered to be synonymous and are used to refer to any part that 
is situated in, at or towards the edges of the strebilia. On the 
other hand, the work "surficial" is introduced from geology to 
fake the place of the German word *fldchenstindig" which 4s used 
freely in Luehe's papers to mean that the structures in question 
are situated on the broad, flat surfaces of the chain, that is, 
its dorsoventral faces. The end bearing the scolex is called the 
anterior end and the opposite the posterior, as is customary, 
despite controversies regarding which is which. For the aake of 
brevity the words, "length", "depth" and "breadth" (or "width®") 
are used instead of the longer terms, diameters in the longitu- 
dinal, in the dorsoventral and in the transverse directions, re- 
spectively, excepting where the organ in question, e.g., the trans- 
versely elongated cirrus-sac of the Triaenophorinse is so shaped 
that it would be confusing to speak of its obvious length as ite 
width. Otherwise the usual terms of orientiation are employed. 
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Order PSEUDOPHYLLIDEA Carus 1863, neo Lueche 1910, e.p. 


Polyzootico, Cestodes with mostly unarmed, scldom armed, 
soolex without rostellum, or proboscis formation, excepting in the 
Haplobothriinae where the outaexe scolex is provided with four 
protusible proboacides resembling those of the Trypanorhyncha; 
usually with two weakly developed sucking grooves, which in indi- 
vidual oases are modified by the strong development of their walis 
or by more or less extensive fusion of their edges, sothat they 
may appear funnel-shaped or tubular, which may also unite with 
each other more or less completely to form an unpaired terminal 
adhesive organ, become rudimentary or entirely absent, in which 
latter ease they are likewise replaced by a termainal funetional 
organ of attachment. Furthermore the development of a pseudo- 
soolex takes place occasionally. Head stalk absent. External 
segmentation more or lesa pronounced, only seldom completely ab- 
sent. Genitalia in each segment usually single, seldom double. 
Their development proceeds from ahead backwards and does not con- 
tinue to a degeneration of the reproduotive glands, but the major- 
ity of the proglottides, being at the same stage of development, 
bring their sexual products to maturity at the same time, so that 
tn all of them new eges are formed continuously and ali the eggs 
of the whole animal are at the same atage of embryonio development. 
A ‘surficial opening of the uterus is always present. 

i Testes nusrrous, vas deferens strongly coiled without. a 
true (seminal veasiole. Ovary near the posterior end of the pro- 
; glottis, mostly median in the case of single genitalia, seldom 
approaching the margin of the strobila bearing the genital opening 
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(that of the cirrus and vagina). Vitelline follicles very 
numerous, mostly in the cortical, seldom in the medullary paren- 
chyna. Uterus, a more or less winding canal, the individual coiis 
of which converge somewhat towards the oentre of the proglottis 

to form the so-called rosette; but in other forms it enlarges to 

& capacious cavity, the uterus sac, from which the duet-like be- 
ginning of the uterus is sharply separated. Eggs operoulate or 
non-operoulate, developing mostly only after being laid, but in 
other cases within the uterus. 

: The above diagnosis of the order ie that of Imehe (1910: 
11-12) minus the family Caryophyliaeidae and partly emended to 
“accommodate the subfamily Haplobothiinae in which what the writer 
Considers (vide infra) to be the true (or primary) sonlex is de- 
prived of bothria but provided with four eversible probosoides quite 
comparable in structure to those of the order Trypanorhyncha. As 
to the phylogenetic significance of these organs which are quite 
unigue for bothriocephalids, the writer is not yet in a position 

to make any definite statements, since the earliest stages in their 
development have not been observed. It is evident that we can not 
now consider what was formerly (Cooper, 1914 & and 1914 b) called 
the sealex of Haplobothrium to be a true scealex but only the fore- 
moat segment of the aiult or secondary strobilea, which was indeed 
foreshadowed by the writer by his emphasis of ite resemblance in- 
ternally as well ae externally to the segments immediately following. 
Whether or not a pair of bothria were originally present or are 
preaont in the very earliest stages, whether such bothria have be-~ 
come modified into the probosoides, or whether the latter have 
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developed from four separate “accessory suckers" (vide infra, 

DP. ), a8 believed by Pintner (1880) to be the ease in the 
Trypanxorhyneha, must remain mere suggestions for the present. Fur- 
thermore, as to the formation of segments we have in Haplobothrium 
not only conditions quite similar to those in Bothriocephalus 
@.str. and other genera in which there is no neck but segmentation 
begins immediately behind the scalex, but those reminding us of the 
proliferation of sceelices in echinococous. In the former ouse we 
g@hall see below where the process is described more in detail 

(p. ), that a primary segment divides up into secondary segments, 
these into tertiary segments, and s00n until there may be eventually 
33 or more genital segments corresponding to one primary segment 
formed immediately behind the soelex. In Haplobothrium a primary: 
strobila divides up into primary segments, these subdivide into 
secondary segments, the definitive joints of the ordinary strobila 
met with, which in turn may subdivided again and evidently inde- 
finitely to form new ohains. The chief difference between these 
tro @asea is one of degree of regularity in the subdividion. 
Whereas in Bothriogephalus the whole anterior region of the worm is 
affeoted, evidently no division taking place after the rudiments 

of the reproductive organs have become separate. from the common 
rudiment, and the subeegments remain attached to one another, in 
Haplobothrium not only do the primary segments separated ag secon- 
Gary atrobilae, but in the latter only a limited region is in- 
volved in further subdivision. On the other hand there is some-+- 


what of a resemblance between thie manner of subdivision in 


Haplobothrium and that of the larval Echinococeiger in that the 
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strobilas are developed from an original "nurse". That is, we 
might look upon the primary strobila of the former as a nurse from 
which are developed segments, comparable to the daughter-cyats of 
an echinococcus, which in turn produce (secondary) scalices and 
eventually strobilaa. In other words we might resognize at first 
sight & sort of alternation of generations in the oase of Haplo- 
bothriun . But this comparison is only a superficisl one, for 
as will be shown. below (under Haplobothriinac) the secondary 
gc6lem cannot be considered to be a true seglex nor the secondary 
gtrobila a true atrobila; but the primary strobila with ite four 
probosoides must be regarded a3 such. fFineliy, this peculiar 
method of segmentation reminds one of the agexual budding of some 
of the oligoshaete worms, particularly es regerds the prolifera- 
tion of subsegments in the anterior region of the first formed 
divisions; but further than this the comparison can searesly be 
carried. : 


Family I. DIPHYLLOBOTHRIIDAF, Luehe 1910, char. emend. 


Polyzootic Pseudophylliides with unarmed or (seldom) armed 
go@lex.  Surficial bothia variously developed; they may be modi- 
fied to form sucking tubes, each with an anterior and a posterior 
opening, thru the growth together of their free edees, while an 
unpaired terminal organ of attachment can serve as a funoational 
substitute for the rudimentary bothia or result from the more or 
less complete fusion of both bothia. The whole scalex may be ree 
piaced in sexually mature specimens by a pseudoscalex; or it may 


be (Haplobothriinae) provided with four protrusible proboscides. 
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Weok present or absent. External segmentation sins Uatenns seldom 
absent. Genital organs numerous, mostly single in each proglottis, 
seldom double. Oirrus unarmed, excepting in Haplobothrium, with 
cleft cuticula. Opening of cirrus and vagina surficial or 
marginal, in the first case always on the same surface as the 
uterus opening and ahead of this ag well as always in the median 
line.of the genital complex, also in the median line of the pro- 
giottis in the case of single genitalia. Both surfaces of the 
chain of proglottides, apart from the genital openings, similarly 
shaped. Recebtaculum seminis formed by a local enlargement of 
the vagina near its inner end, which as a rule is sharply sepsrated 
from the spermi-duct (terminal portion of the vagina). Uterus, 
& long more or lése winding ganal, usually in the form of a 
rosette, ariging from almost transversely directed coils crossing 
the median line. It may be locally more or less enlerged, but 
seldom forms an undivided uterue-sac distinot from the uterine 
duct, 68 in the Ptychobothriidae. Eggs thick shelled, with oper- 
gula, excepting in the Mareipometrinse; their formation is carried 
on continuously in fully-developed proglottides; embryonal develop- 
ment usually after liberation, seldom in the uterus, in which, 
however, one finds all stages side by side. 

Parasites of vertebrates. 

Luehe's (1910: 16-17) diagnosis ig here emended to in- 
line the new subfamilics Haplobothriinae and Marsipometrinac. 
In the former not only is the sceelex radically different from that 
of any other member of the family, but the cirrus is armed with 


minute spines and there is a distinot uterus-sac separate from 
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the uterine duct as in the Ptychobothriidac; while in the latter 
there is likewise a uterus-sac and the eggs are not provided with 
Opercula. The scalex of Haplobothrium is discussed above under 
the order and more at length below under the species so that no 
further mention of it is neGessary at this point. The cirrus, 
however, would seem to exclude the cenus from the family Ptycho- 
bothriidac as well as from the Diphyllobothriidae, zince it is 
not "unbestachelt, mit zerklufteter cuticula", but provided with 
minute yet distinct cuticular spines bearing some resemblance to 
those of the Acanthophallidac (= Amphitretidae) as pointed out 
elsewhere by the writer (1914 a : 3)y But H. globuliforme is 
otherwise so nesrly related to D. latum that it does not scem 
Wise to remove it from the family on this account, especially 
since these spines are so minute and sinee the evidenee points 
to their being probably of little, if any, functional importanee. 
As regards the uterus, on the other hand, ve have something +hich 
is quite different from that of any of the mminbers of this family 
in that it is distinetly divided into uterine duct anid uterus-sac 
' as in the Ptychobothriidas. It is true that in the genus 

7 Soyphooephalus one or two of the coils of the uterine rosette be- 
comes much enlarged when the organ is filled with egzs, while in 
Bothridium, as stated by Luehe (1899 : 49),"Der Uterus bildet 
keine Rosettenform, lasast jedoch Uteringang and Uterus s.str. 
deutlich uiterseheiden; letzterer stellt gewissenmassen eine 
aweitheilige Uterushdhle dar, indem zwei hinter einander gelezene 
grosse Hohlraume durch cinen kurpen und diinnen Canal miteinander 


in Verbindung stehen"; but in neither case is there a single 
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uterus-sac, distinct and separate from the uterine duct or 
veginning of the uterus but only a modified rosette formation. 
Rohoz (1383 : 282) in desoribing the development of the uterus 
of Bothridium pithonis said that: *In dieser Weise ist er natur- 





lioh nur in jiingeren Gliedern entwiokelt, wahrend er dort, wo die 
Befruchtung schon beendet ist, in Folge der immer stirkeren An- 
sammlung von den mit chitinSser Hulle umgebener Fiern immer 
grésser wird und sich sehliesslich zu einem die gange Mittelschieht 
a@usfulienden Sack ausbreitet." It would thua seem to be 
comparable to that of the Ptyohobothriidas in that its functional 
aac is developed by a distal enlargement of the original duct, 
which gradually enoroaches upon the medulla (vide infra), but 
evidently there is no separation of the organ into two distinot 
parta at any stage as there is in Haplobothrium. And, as 
dipdact zed eleewhere by the writer (1914a : 2-3), this separation 
is present at all stages in the development of the organ, whioh 
ag a matter of faet proceeds in quite the same manner aga that of 


se 


Bothriocephalua. In Marsipometra, on the other hand, even tho 
the sac is formed in the same way, it 1a gever very sharply 
separated from the uterine duct, altho such appears to be the case 
in the adult. Reference to the specific deseription below will 
eluoidate this latter point which seems somewhat paradoxical. 
Finally, ag regards the fact that its eggs are not provided with 
operoula, Marsipometra atands alone. This character would plage 
it at ones in the Ptychobothriidace, but it is otherwise so closely 
related to the subfamily Triesnephorinae, Bhat the writer here 


emenis the family to accommodate it. Thus we see that these two 
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isolated genera have such a disturbing influence on our conceptions 
of the two families that the latter now seem to be much more closely 


related than was formerly thought to be the case. 


Subfamily 1. Ligulinae, Luehe 1999 


Seelex unarmed, very short, almost triangular, with 
anterior end, more or leas drawn out into a point according to the 
state of contraction, passing directly into the chain of pro- 
glottides or the similarly shaped unjointed body; surficial bottria 
small, weakly developed. Neck absent. Formation of proglottides 
complete, confined to the anterior end or (in young animals) 
absent. Posterior end rounded. WNerv ous system distinguished by 
a large number of plexus forming longitudinal nerves near both 
chief strands, Genital organs in sexually mature individuals oom- 
pletely developed close behind the seelex. CGenital openings sur- 
ficial, ventral, lying behind or near ondanother, near the meiian 
line. Testes in a simple dorsal layer in the lateral fields of 
the medullary parenchyma, for the most part lateral to the nerve 
atrands. Ovary and shell-gland medifin, the former ventral, the 
latter dorsal. Vitelline folligles in the form of a mantle in 
the lateral fields of the cortical parenchyma. Vas defereneass 
enlarged to a muscular bulb before entering the cirrus-aac. Re- 
coptaculum seminis large, sharply separated from the short and 
harrow spermiduct. 

Sexually mature in the intestines of water birds; present 
a8 larvae in the body-cavities of teleosta where they grow quite 


large and form the rudiments of the reproductive organs; occssaion- 
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ally also observed free in the water which they reach evidently 
by the rupture of the greatly distended bodywall of the interme- 
diate host. | 

Type genus: Liguila Bloch. 


In the above diagnosis of the subfamily by Lvehe (1910: 
17+18)\the statement that the testes are "in einfacher dorsaler 
Schicht den Seitenfeldern dea markparenshyms crossentheils 
lateralwarte von den Markstrangen® 1s somewhat confusing, for it 
is strictly correct only when the whole number of testes is taken 
into consideration. In transeotions of both Liguia and Sohisto- 
gephalus the nerve strand was actually found by the writer to be 
more then halfway from the median line to the margin of the medulla, 
but the testes were much more closely crowded in the lateral por- 
tion of the field, hence making thoir total number there more than 
in the mefion field. But the 4ifferenoes between the two ficlde 
on each side in this regard were seen in confirmatory frontal 


sections to be much greater in Lipuls than in Sohistocephalus. 


Genus 1 Ligula Bloch, 1732. 


Taenia (part.) Auctorum 
Faseiola (part.) Linnaeus, 1768. 
Fasciola (part.) Linnasus, 1737. 
Ligula Bloch, 1782. 
Fasciola (part.) Goeze, 1783. 
Bothrioocerhalus (part.) WNitzach, 1834. 
Ligula Oreplin, 1839. 


Dibothrium (part.) Donnadieu, 1877. 
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Generic diagnosis: Bothria 2s well as external segmentation 
compietely absent from the larvae, both develop simultancously with 
the maturation of the sex-organa in the definitive host, and then 
the external segmentation, which does not correspond with the 
internal, is confined to the antcrior end. Longitudinal and 
transverse muscles irregularly interwoven in the anterior end, 
posteriorly separated into an inner trenaverse and an outer longi- 
tutine? lsyer. 

Type (and only) species: Ligula intestinalis (1). 
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Liguila intestinalis (Linnaeus,I1758) 
(Pigs. 1 - §.) 


Larval stage: 


1713 
1740 
1758 
1767 
1781 
1782 
1782 
1790 
1790 
1790 
1790 
1790 
1790 
1790 
1790 
1790 
1790 
1790 
1793 
1802 
1803 
1803 
1803 
1803 
1803 


Taenia 


Taenia capitata 
Fasciola intestinalis 





Fasciola intestinalis 


Taenia cingulum 
Liguia piscium 


Pasciola abdominalis 
Ligula abdominaiis 
Liguia a. cobitidis 


_Ligula awcyprinorum 


Ligula @salburni 
Ligula a. ‘sittin 
Ligula a, carasgii 
Ligula a. gobionis 
Ligula a. leuscisci 
Ligula a. trincae 
Ligula a. vimbae 
Ligula petromyzontis 
Ligula salvelini 
Ligula simplicissima 
Ligula alourni 
Ligula bramae 

Ligula carassii 


Ligula cobitidis 
Ligula colymbi 


Geoifroy 
Frisch 
Linnaeus 
Linnaeus 
Pallas 
Bloch 
Goeze 
Gmelin 
Gmelin 
Gmelin 
Gmelin 
Gmelin 
Gmesin 
Gmelin 
Gmelin 
Gmelin 
Gmelin 
Schrank 
Schrank 
Rudolphi 
ceder — 
zeder 
zeder 
zZeder 


Zeder 


4715 =6: 60, 
1740 =: Tel, 
1758 : 649; 
1767 :1078. 
I78Il : 95. 
1782 : 2. 
I782 : 187. 
1790 :5045, 
1790 :3045. 
I790 :30435. 
I790 :3043. 
I780 :50435, 
1790 :5045. 
1790 30045. 
1790 35045. 
1790 :5045. 
1790 :5045. 
1790 :.119. 
1795 : 145. 
Igsoz : 99. 
1805 : 266. 
1805 : 265. 
Is03 : 262-3. 
Is03 : 266, 
1803 : 266 
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1805 
18035 
18035 
1805 
1810 
1810 
1810 
1810 
1819 
1819 
1818 
1859 
1859 
1859 
1855 
1855 
1861 
1891 
1896 
1897 
1899 


Ligula gobionis 
Ligula leucisci 
Ligula tincae 

Ligula vimbae 

Ligula acuninata 
Ligula cingulum 
Ligula constringens 
Ligula contortrix 
Ligula simplicissima 
Ligula crispa 

Ligula edulis 

Ligula simplicissima 
Ligula monogramma 
Ligula digramma 
Ligula simplicissima 
Ligula monogramma 
Ligula monogramma 
Ligula catostomi 
Ligula monogramma 


Bibothrium ligula 


Ligula abdominalis 


Adult stage: 


1782 
1782 
1790 
1802 
1805 
1810 


Ligula avium 


Pasciola intestinalis 


Ligula intestinalis 
Ligula simplicissima 
Ligula colymbi 
Ligula uniserialis 


Zeder 
zZeder 
aeder 
zeder 
Rudolphi 
Rudolphi 
Rudolphi 
Rudolphi 
Rudolphi 
Rudolphi 
Briganti 
Crepilin 
Creplin 
Creplin 
Baird 
Leidy 
Beneden 
Linton 
zschokke 


Linton 


-Luehe 


Bloch 
Goeze 
Gmelin 
Rudolphi 
zeder 


Rudolphi 


w 
oO 


134, 
134-35, 


209. 


: 295. 


296. 

296. 

95. 

444, 

139. 

66. 
773,774,775. 
458. 
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Ligula alternans 
Ligula interrupta 
Ligula sparsa 
Liguia uniserialis 





Ligula alternans 
Ligula interrupta 
Ligula sparsa 


Bothriocephalus semi- 
ligula, 


Lizula uniserialis 
Ligula interrupta 
Ligula sparsa 
Ligula uniserialis 
Ligula alternans 
Ligula interrupta 


Ligula sparsa 


Ligula nodosa 
Ligula monogramma 
Ligula digramma 
Ligula interrupta 
Ligula sparsa 
Ligula monogramma 
Ligula digramma 
Ligula reptans 
Liguia monogramna 
Ligula digramma 
Ligula monogramma 
Dibothrium ligula 
Ligula simplicissime 


Rudolphi 
Rudolphi 
Rudolphi 
Rudolphi 
Rudolphi 
Rudolphi 
Rudolphi 
Nitzsch 


Creplin 


Creplin 


Bellingham 


Dujardin 
Dujardin 
Dujardin 
Dujardin 
Dujardin 
Diesing 
Diesing 
Baird 
Baird 
Diesing 
Diesing 
Leidy 
Diesing 


Diesing 


Willemoes-Suhm 1870: 


Donnadieu 


Moniez 


1810 
1810 
1810 
1619 
1819 
1819 
1819 
1824 


1859 
i859 
1844 
4845 
1845 
1845 
1845 
1845 
1850 
4850 
1855 
1853 
1854 
1854 
18 56 
48665 


18665 


1877 
1881 
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200. 
251. 
04. 
495. 
57,81. 
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1882 Liguia simplicissima Kiessling 1882. 


1884 Divothrium ligula zschokke i884 ;: 26. 
1885 Ligula simpiicissima Schauinsland 1885 : 550. 
1888 Ligula simplicissima Niemiec 1888 : 2. 
1895 Ligula monogramma Bisson : 1895 : 15. 
1894 Ligula simplicissima Stiles &Hassail 1894:531. 
1695 Ligula monogramma zernecke 1895 : 95. 
1895 Ligula digranma zernecke 4895 : 95. 
18 96 Ligula simplicissima aschokke 4896 ; 775,774,776. 
1898 Ligula digramma Cohn k898 : 154. 
1898 Ligula uniserielis Luehe 1898 : 286. 
1898 Ligula uniserialis Muehling 1898 : 32. 
1898 Ligula monogramma Stossich 1e9s : 118. 
1899 Ligula intestinalis Luehe 1899 : 52. 
$900 Liguia avium Braun 1900 : 1687. 
3900 Ligula uniserialis Wolffhuegel 1900 : 63. 
i901 Ligula intestinalis Linstow | i901. 

1902 Ligula monogramna Parona 1902 : Va 
1902 Ligula intestinalis Schneider 1908a: 15. 
1905 Ligula intestinalis Linstow 1903 ;: 20. 
1910 Ligula intestinalis Luehe 1910 : 18, 


Specific diagnosis: ‘sith the characters of the genus. Large 
vorms from 100 to 1000mm.in length by 5 to 15 in breadth. Anter- 
ior end rounded,protruding,bothria faint. Strobila greatly elon- 
gate,depressed,maximum breadth anterior to the middle,gradually 
tanering to the posterior end. Body crossed by irregular ridges 
and furrows,and wavy at the margins in the adult with 35 to 40 


external segments anteriorly. Deep median groove on each surface 
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in the larva,two very sha.iow parallel grooves near the median 
dine on the dorsal surface in the aduit. 

Cuticuia 5 - 2OMin thickness,sub cuticula 70 -i100. Nerve 
strands 50, in daameter. Lacretory vessels numerous in two lay- 
ers,one close beneath the vitelline glands(cortical) another a- 
mong the main body muscles, | 

Genitalia from 0,10 to 0,2Omm.apart. Genital cloaca a nar- 
rov transverse slit,0.18-0.20 x 0.02 - 0.05mm, into which open 
separately the cirrus,uterus and vagina,the iatter constantly be- 
tween the other two which alternate irreguiariy from side to,side,. 

Testes in single dorsal layer in the meduila,interrupted only 

medially,55 tp 40 in transection,115 x 85 x 45» in dimensions. 
Vae deferens up to SOm in diameter, loosely coiled above the cirrus 
sac. Seminal vesicle small,close above the latter,65 - 80 x 40 - 
6S. Cirrus-sac somevhat lateral,ovoid,with thin walis,185-200 
x 150-145 x 150-155p. Cirrus proper within cirrus-sac,long and 
coiled,Z25min diameter. 

Vagina 15 to 50, in diameter,receptaculum seminis Tou. 
Spermiduct short,25 x 12». Ovary 1.5mm. in diameter; wing great- 
ly depressed,isthmus prominené and not in the median line but al- 
ternating irregularly from side to side opposite the cirrus-sac; 
ova in same 15 x 154. Oocapt 18-80 in diameter,oviduct 15-20m, 
Viteiline reservoir eliipsoidal in shape,50-60 x 5Op,,in a layer 
close béneath the subcuticuia and oroken only ventraliy. Shell- 
giand composed of much elongated ceils with eniarged bodies and 
narrow necks connecting with the oviduct for SOf.of its length, 


Uterus aim mass of coils in the median line,O.5-0,6mm.im diameter, 


that of the tube being 60m. 
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Eegs, 49-65 x S1-42yp., 
Habitat :; As larvae in the body-cavities of teleosts; adults 


in the intestines of wading and diving birds. 
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Host Locality Collector Authority 

Leuciscus: vulgaris Palias Diesing 1650:581. 
” rutilis Hubner " ms aaah 
ad ad Zschokke Zschokke 1884:26, 
° - Rossitten Muehling Muehling 1898:35,. 
a - Orlja-See,Pe- Birulja Linstow 1905:285, 

trograd,. 
g - GVez=-bartlank, Maximovic m4 ? : 
- : a6trabad bay, ‘ 
Caspian 6ee, 
¥ LeucisCuB <---<en eH een n nn Luehe 1910:19. 
“eryhbro=- = #-++------- Bremser Diesing 1850:581. 
phthalmus 
“ pulchellus ----------- Baird  Leidy 1855 :444, 
"  phoxinus L.Storsjon, Olsson Olsson 1893 :15. 
Jemtland,and 
Bonan, Sweden. 

Abramis biicca ween ee nn- - Goeze Diesing 1850:581. 
P bram@ = een ennn-- Rudolphi . 5 ae 
® ee Bremser " " ny 
™ Ce ee M.Siebold, Baird 1853:95, 

Coll.Brit. 
Museum, 
* . L.Pinjasjon, Olsson Olsson 1895:15. 
Scania,Swecen, 
ys ° me eeeneee -- é2schokke é2schokke 1696:775. 
. “9 Kast Prussia Schauinsiand Muehling 1898:35. 
' . Ladoga-See Firlei Liastow 1905:285, 


ad " Astrachan Baer . ¥ e's 
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Abramis vimba Petrograd 


- bjorkna 
Cyprinus brama 


Cyprinus gobio 
Cyprinus alburnus 


Cyprinus tinca 
. blicca 
? carassius <------<-- 


" 


" lacustris italy 


= leuciscus La Reole & 
Neuffons 
Aspius alburnus <--<------- 
“ repax Iljmen-See, 
Novosorod 
Gobio vulgaris = -+--<<<---- 
" fluviatilis Basel 
- i Rossitten 
" y Angara-Fluss, 
Siberia 
Carassius gibelio ----<--<-- 
vulgaris ---------- 
y: rs Saratov 
r carassius --------- 
Amoetes branchialis ------- -- 
Petromyzon branchiag- -------- 
lis 
Cobitis taenia = ---------- 
" " 


Prichodko 


Goeze 


Pailas 
Crepiin 
briganti 
Queyron 
Bremser 


Varpachov- 
skij 


Rudolphi 
zZschoxke 


Muehiing 


Cekanovskij 


Rudolphi 


Diesing 


Schrank 
Schrank 


Frisch 


Bloch 


Linstoe 
Luehe 
Bloch 
voeze 
Bloch 

" 
Goeze 
Bloch 
Rudolphi 

" 

Creplin 
Donnadieu 
Queyron 
Diesing 


Linstow 


' Diesing 


zschokke 
muehiing 


Lins tow 


Diesing 
” 
Linstov 
Luehe 
Diesing 
Rudolphi 


(ay) 
oO} 


1903 :285, 
1910:19,. 
178232. 
1783:187. 
178232, 


1782 :187. 
1782:2, 
1810:19. 
a. 
1839:296. 
1877:539. 
1905:CVI. 
1850: 581/ 
1903 :285, 


1850: 581, 
1896 :774. 
18983565, 

1905:285. 


1850:581. 
ow F878: 
1905:285., 
1910:19. 
1850:581. 
1810:24, 


1819:154, 
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As indicated in the above synonymy,the greatest confusion 
existed in connection with this species even from the time of 
Linnaeus, 211 of the older writers recognizing 2t least two species, 
the larval and the adult, and many, several species under each of 
these. Rudolphi (1810), for instance, accepted four srecies of 
the former, "ovariis occultatis"®, and the same number of the latter, 
parasitic in the intestines of birds, "ovariis distinctis®. In 
his Entozoorum Synopsis (1819) he reduced the number of larval 
species to two, but retained the same four adult forms as before. 
The next important move in a systematic direction was by Creplin 


(1838) who divided Rudolphi's L. simplicissima into two larval 





Species, viz., L. monogramma and L. digramme, corresponding re- 
speotively to the previously known L. uniserialis and L. interrupta 
(or alternsns), which plan-wae followed by Diesing (1850, 1954, 

and 1863) while Dujardin (1845) and Baird (1853) followed Rudolphi. 
Diesing (1850 : 581) ereoted a third species, L. reptans, to accom 
| modate numcorous forms found encysted in the muscles snd connestive 
tissues of amphibians, reptiles, birds and memmals; but, as pointed 
out by Janicki (1906 : 519-530) several lervel species were probably 
ineluded under this heading. Those from avian hosts (1.¢c.: 583) 

axe not given above since they were found only among the muscles and 
under the skin, where L. intestinalis hes never been found in 

birds, s0 far as the available records indicate. Luehe (1910 : 18) 
did not inolude them in his list of hosts for thqadult stage of 





the species. 
Next in order of importance came Donnadien's (1877) 


Classical experiments in which, efter completely reviewing the 
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literature up to date, he conolusively proved that the form found 
in the body oavities of various bony fishes is the larval stage of 
that present in the intestines of birds. As 2 result of his 

work he combined the two forms under a new name, Dibothriun lisula, 





confusing at the same time Schistocephalus solidus with Licula 
intestinalia. The life-history of the species was later studied 
by Riehm (1882) by feeding methods. Monies (1881: 37, 81) waa the 








first writer to study the histology of the species, while Kiessling 
(1882) gave ue the first desoription of ita general anatomy. Aa 
emphasized, however, by Linstow (1901), Kiessling's work i6 not 

very specific, since he almost constantly disposed of L. intes- 
Einslis by saying that in it conditions were the same as in Sch. 
Solidua. While, apart from Donnadien and the carlicr writers, 
Willemoes-Suhm (1970 : 94) was the first to etudy the development 
of the embryo with attention to detail. Schauinsland (1885 : 550) 
enlarged upon his observations and gave & more or less somplete 
déseeription of the process up te the time of the esoape of the 
@iliated larva, MNiemieo (1938 : 3 ) deseribed the nerv’ ous dyaten, 
and Cohn (1898 : 134) pointed out its resemblances to Soh. solidus 
in this regard. Zernecke (1895) in the meantime dealt in his well 
known work on the finer structure of asatodes with the parenchyma 
end the nervious and muscular systems in particular, since when 
little has been done in that connection. The question of segmenta- 
tion was studied by Luehe (1898); and later the same writer (1899; 
53) placed the speoics in his first classification, stating his 
belief that there is only one speoles of Ligula, viz., L. intes- 
finalis (L.). The latter conolusion was also arrived at by 























a! = ‘ . a’ oe A a 
beets a woh gd? 'dalt Lewosy ‘ewtontoaon: ‘it, waBle vhiioe ancbavide 
26 


“ts 


ngete Lavast add) af ec de tigaod: saolte De sekt ll ation on 


etd to tlomes © ob ehald Yo eanitectal adi.) a tarsong 3 edge 


eleail axbdgogss, cman woe @ soho: pne)ions ads Biase co 


2 








—— +. +s 
Jet ne i ¢ 
>. ee 


AM 


aK on 
> 


et aes 
“« 
‘ 
~J 
: 


Shoah Rte paps low gates rate AOS gmt? woe id Pe ome 

De tints: se Pat pee eeioegy noe 0 Neotedanor | SeLin sat w 
oMd ete (L2..%C siBOL) pactagths(.et Lottome ppt 28% cect) a 
pat Line eta giidn: yeaiooge ndt te geo Loteii' : phot ere es) 
Ne 7 ste Sar Say att 2a, sp ttaqg sed cr 8 bait au! hs 
iS a R <i snot o ‘ontineae 18 (KOCH): wotna te redone a aa 


oat a 
r 
é 





i tai 21.20 Despaesth » cit oatenoe dedate ad: seates ong 
dota: OF MMe BAL OF ® -BttD kt thaoo, tt st tats habia 

+. Oth han: Fa blzge, oag tia wet hanno, meat Pee 
¢aemtipLeveb. tt Tints on danas) nek aig {a2 4 ont tu 
(Osa F ear): at fast ando® seb dat ob of ao teaotte, ihe Ba oth 
otis cm $. gr sf O 2600. @ evap ubne eats arrest’ ere 
fie ald 2e-eieone, ot tor omay! edt ofan ye Saxe. etc To%d , 
 eleateqe acs, “W198 460 hedite eth ( ‘S) 4 seer) oc teed: init m 


a 
, ae i ‘ 7 ay | 
id ( Saipdton -Ao® of ennneldutges bht ye, Het hie’ (eek. 3 cy 
| uz 


ae. 3 Ez at tf ook aa Te afd we {e023 r% Uo oak: hy th ot a 
' . — + Shas Oe soe o Se 4/°- SE Shas: » w eet ‘ 
, Oy bi - ag tt mn - a. & y rer , ys 
Te BOQRY Sh Li dw Golethnay Fo erpteetste «east ott asi ae v 


Y 
0% 


aon egolde: «% bive ftinc.al gortene 4 Lupeics hate aud twin 9d 
ehisemea To cofteenp fT . no Novdior sess ab ston mond, wth « 
sO23L) zee hit. ame entt xotal Dar , (0731) ede Ye beapave 
eld gebtote ,Acfi colt teests Yerld eis ae ay loeze cull | 
nig -d .-tlv <ahephl Be redeem vad elaerat: oxadt out 3s 


qo ta lavhove o¢ls paw gpoltafogaw 2etzel eft). WOE 


; fF \ ' "x 
7 \y MU . : A ® r . a q , ve -, i, ‘ ri , . a 
i £ 2 — , . a’: ’ ", pa - un A VJ f 
é ’ a «> 7 4 Lae: 4 : Ps y “A 
ime jee ae ge es ( ace es 


Linstow (1901 : 638), altho he attributed the specific name to 
Goeze; while in his latest classification Luehe (1910) maintained 
the same view. 

Consequently, taking for granted in the absence of Furo- 
pean material for comparison, that the latter haa been established 
as a fact for the Furopean forms, it 1s for the present writer to 
determine whether we have here in Amerioa the same species. And 
so far as the majority of specific characters are concerned, we 
have to rely on the deseriptions of Kiessling and Linatow (1901) 
who scem to have been the only writers to attend to the details of 
the reproductive system, and, as mentioned above, Kiessling's is 
quite inadequate in this connection. The only American reports 
of the species are of larval forms ; L. monogramma by Leidy (1855 ; 
444) and Dibothrium ligula by Linton (1897 : 438), the former 
having also listed (1856 ;: 46) the doubtful L. reptans. 

Luehe (1910 : 18) gave the dimensions of the gpecies as 





100+400mm. (oceasionally 1 metre) in length by from 5 to 15mm. in 
breadth, not distinguishing, however, between the larva and the 
adult in this regard. Linstow (1901 : 629) reported a larva from 
Blisca bjorkna 200mm. long, 9 broad and 3.5 thick, adults from 
Podiceps oristatus and Mergasser merganeger being 160mm. long, 4 
broad and 1.5 thick; and concerning these:differences said that: 
"Wenn man die Geschleohtaform aus Vogeln oft kleiner findet als die 
Larve aus Fischen, so mag das seinen Grund darin haben, dass die 
letztere sich in der Grésse ihren Wirth anpasst; die grossen Larven 
in grossen Fischen kénnen aber nicht von kleineren Vogeln ver- 


sohlungen werden." The largest larval specimen at hand was one 
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from Catostomus commersonii which measured 425mm. in length by 








15 in maximum breadth, but the largest adult from Merganser gp. 

wag only 142mm. by 7.5. In the larva the anterior end is some- 
what bluntly rounded (Fig. 1) the bothria being visible as very 
ahort grooves passing over the tip, while in the adult they are 
more clongated and distinot, the end of the strobila being some- 
what protruded, as shown in Fig. 3. On each surface of the 

larva there is a deep, median, longitudinal furrow, which, however, 
becomes obliterated in the adult, exeepting anteriorly,by the 
gzowth of the reproductive organs, the ducts of which ar  con- 
fined to the median line of the strobila. When these are developed 
the strobila is characterized dorsally by a low median ridge 
bounded on cach side by a quite shallow groove, snd ventrally by 

a@ greater thickening of the median line, not separated, however, 
by any grooves from the lateral regions. The whole strobila 
gradually tapers from a short distance behind the anterior end, 
where the maximum breadth is located, to the posterior end. 
Whereas in the larva it is quite thick, in the adult ft 4s thin 
ami leaf-like, the margins usually appearing, especially posterior- 
ly, wavy in alcoholic specimens. A pseudosegmentation is present 
in the anterior end of the strobila, but as has been known espe- 
cially since Luehe (1898) emphasized the fact, this division \of 
the strobila into segments does not correspond with the inkernal 
dividon into true proglottides. Gemmill (1909 ; 11) counted, 

about 50 of them in the anterior third of the worm, the weiter 

38 or 39 for a distance of 13mm. from the tip of one adult sheoi- 
men (Fig. 2) and 36 for 10mm. in another. They vary oonshderabiy 
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in length and are often incomplete medially. From the anterior 
region showing external segmentation to the posterior end both 
larvae and adults, but particularly the latter, are emossed by 
very numerous irregular grooves which give the worm its charac- 
teristic appearance, apart trom the general shape, as contracted, 


for instanoe, with the closely related Schistocephalus solidus 





(vide infra). The smallest larva met with wae one from a small 
specimen of Microptsrus dolomien, 47mm. in length. It gave the 
following measurements: length, 4.9mm.; maximum width,0.54; width 
one third the length from the enterior end, 0.54, two-thirds, 
0.37; length of bothrial groove, ? 0.O07mm. All sizes from thie 
to the largest mentioned above were at hand. 

The enticula was found to have a thickness of from 5 to 
10», compared with 16-18 p by Kiessling and 2.14(}$) by Linstow. 
It was seen to be homogeneous in the seotions made rather than 
divisible into the three layers described by the former, with 
some tendency, however, for the outer one-quarter to one-sixth to 
take the stain much less than the remainder of the tissue, which . 
outer clearer area ia often bounded by @ very delicate peeude- 
Giliated layer. There was found to be as much variation not only 
in the thickness of the enticula but also in its structure, that 
nothing more will be said excepting that these remarks apply to 
the larva as well as to the adult. The subcutioula varies from 
70 to 90, 5 = 55-49 pw according to Kiessling and Lid, to 
Linstow. Caleareous bodies in the oharaocteristically fine paren- 
chyma, desoribed by Monitz and Zernecke, and given dimensions of 
13 x 78 py by Linstow, were not observed to the writer's satisfao- 
tion. 
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The musculature has been well described histologically 
by Zerneoke (1895); while Kiessling spoke rather briefly of its 
arrangement in the late larva. Later Luehe dealt with the system 
in general (1897a and 1898) and its relation to the ..>rvous 
system (1896 ), and Linstow (1901 ), gave 2 ooneise account of 
its arrangement. The writer has nothing of importance to add te 
the contributions of these authors. 

The chief nerve atranda were found in transections between 
the lateral and median quarters of the transverse diameter of the 
strobila, in the median frontal plane that is below the neibhbor- 
ing testes, and with a diameter of 50. The details of the 
system have been studied by Moniez (1881), Niemiee (1898), 
Zerntcke (1895) and Cohn (1898), the latter of whom found condi- 
tions pretty much as in Schistocephaius, namely, that each chief 
atrand has associated with it six collateral strands, arranged in 
three groups oftwo each. | 
a) The exeretory system was studied by Monies and Zernecke 
in considerable detail. As pointed out vy Linstow two regions 
accommodating numerous longitudinal vessels are present: (1) an 
outer, close beneath the vitelline glands, and (3) an inner; be- 
tween the inner longitudinal and transverse muscles, or as Linstow 
figured, between the former themselves. In the material studied 
the outer-plexus showed very plainly, but the inner vessels were 
found among both sets of muscles and not nearly as distinot as 
the outer ones. 

The sets of genitalia, beginning about lOnm. from the 
anterior end and very closely crowded together in the longitudinal 
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direction, were found to lie from 0.14 to 0.18mm. apart, 0.13- 
0.15mm., being the data given by Linstow. The openings are 
usually almost exactly in a transverse line, but the oirrus and 
uterus openings alternate irregularly from side to side, that of 
the vagina being constantly in the middle. This alternation of 
the openings is due to the similar alternation of the internal 
organs and evidently was the basis upon which the earlier species 


L. digramma and alternans were established. The genital cloacs 





is a quite irregular transverse depression, 0.18-0.20mm. in width 
and 9.02+0.0amm. in length, the reapeotive measurements by Linstow 
being 0.106 and 0,026mm. 

"The teates lie in a single row, which is only interrupted 
by the uterus, on the dorsal side of the medulla be ®, They are 
from 35 to 40 in number in transeotions, ellipsoidal in shape, 
their greatest diameters being transverse, a9 indioated by the 
maximum width, length, and depth being, respectively, 115, 45, and 
85» . Linstow gave them as 150 to 180, long by 88 to 156p 
wide. The loosely coiled vas deferens is situated above the oirruse- 
aac (Fic. 3) and is roughly divided into two parts by the laterial 
coils of the uterus, one part being immediately above the oirrus- 
aac and the other close to the dorsal body-wall. The duct attains 
a diameter of 30» when filled with spermatozoa. Distally it ex- 
pands into the very small (as compared to that of Soh. solidus) 





seminal vesicle, situated close to the dorsal wall of the cirrus, 
gac. The vesicle was found to be from 65 to 80 in length by 
40-65 in diameter (156 x 86» , Linstow), oval in shape, the 


narrower end towards the cirrus pouch, and provided with only a 
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comparatively feeble musculature, The wall of the structure is 
richly supplied both internallyand externally with nuelei which 

are respectively those of the lining epithelium and the myoblasts, 
ag in Sehistocephalus (vide infra). The epithelium is strongly 
Giliated, The oirrus-sac (Fig. 3) is an gvoid body, somewhat 
flattened dorso-ventrally and obliquely by the uterus and alterna- 
ting irregularly from right to left, always occupying the opposite 
side of the median line from the ovarian isthmus and the neighbor- 
ing female ducts. Its wall is quite thin, while apart from the 
@irrus proper which occupies the distal two-thirds, the contents 
eonsist of loose parenchyma and few retractor muscles. The measure- 
ments of the organ in sections sre: dorsoventral diameter, 185-200p3 
width 130-145; and length, 130-135; which are guite at variance 
with Linstow's diameter of 53 m of what he deseribed aa a spherical 
orgen. Within the cirrus-sao the vas deferene is not sharply 
separated into ejaculatory duct and cirrus proper, altho the latter 
is quite distinct, closely coiled and as much as 25p in diameter. 
: The vagina opens into the common genital cloaca, if one 
may use that name for the depression meftioned above, in the mddian 
jine and usually equidistant from the openings of the cirrus and 
uterus. It passes dorsally thru the cortex and the musoulature 
with almost a straight course and then within the medulla turns 


sharply posterolater. ally, in which portion of its oourse it has a 


a 
* 


' diameter of from 15 to 304 (54, Linstow). Its thin lining of 

cutioula, dircetly continuous with that of the genital depression, 
gradually passes into a nucleated epithelium, in which no aistinot 
Gell boundaries were made out, just Within the cortex. Dorsal to 


Pee 22), ony att Wren cee ead Ee Man) ti Ba Pie | WY 


“ aa 
= ee 

























| ef 4 pre Gare ‘ome: ta: diew os ae ‘ ereteduoegm ained i | | 
a . ao id bite Le doarse: dtbw, ULeavetae base yh Leased ah: aon: benewe. tf | 
. <abast doys og? hae muties? tag gebatl add! 10; 0neds Uortteease 
; Ng . Vgaotte wt apiied? tge- at | text at abt) gishodge Liga pe 
‘ 2 ade s mot: shasta & Love. snes ak fe -32t): alent pl ager | 
i matant Ls hn eursde dt ed gtour bide Semiigl Le he caps. be i 
i: etioouge: oat Ole 000. eyente yriel.ot tists ae ah 9 | 
‘ ~soddyten omg, 24uy evadiel gafcave ad? aoe? emtk ae proven 
iy Mea. edt mort d2age: ol adw, gaise 09 Lap: ry Lise Dae 
Man ROD odd, .aba tdd-eet bate th ond aotneneo Botte we 
Daedalk ed? .. boloeut notoes: os wet bas emyony ea 3 ae 
Pasi tot ésialh “Lostaevoes of Lore emoseoen sal AApte 
somEtiay de. ‘etter. ote solder BE LOB. aittrpao: fine. a 
“ dantxbicn 2 68 bodludeed. od. ad to wy Be ‘ye xe “ant 
4 axed ‘Foc wt 989709 ab Rev. odd oawestate ont 
- tatdas, aah ost ka’ sToqong eaeete hea, toad testa tawny 
| eretgets ak. 4@8 e6doun en baa al too elovele , 
tas (aQaols Satiges soamog okt ota. (Ow gO satya 
ae Leite? ai ye rade benolviom Ag deneege® omit 103 ma ve 
beeen. te odd to was ineqe: odd won) ‘eine te 
nt aL geen oi? bas xedt¢0 | acs wedded Titanrob anency OD 
agape? a: ‘caste od? inid@ iv qadt? bee enteeo wae tgtasie 2 om a 
2 eos tt BE 798 S21 Ye ackt+0q Mote af (eltatvatincen steam 
to gataht ve oot. «(woten: a) NCE od. 84, aoxk te 
ig deeeraqel ) ed taces a) % tant d¢te owcemtdavo vitosnth 4 
tec itet® on dpidwe at vainarhbertelben bet ao loun,. ath, eaomeg 7 
oe pa saesto0 of? at sige: martian / eee: sa: eet: 


. | 4! - 7 ‘a als : , 


. ' P ; : i . ior 

i Bo a Gl nal ell i aE eae 
i wie ee } 
+P ae Sree? ate ee ro? 





¢ 
* 


of 





a ey 


40 


the ovarian isthmus it enlarges into an elongated recertaculum 
seminis whiohhas found to have e moxinum diameter of 75q.  Lin- 
etow described a spindle-shaped serminal receptacle, 13m in 
diameter, and an oocapt as follows: "dorsal voulder Vercinigungstel- 
le der beiden Keimstooksflugel liegt der ovale, 0.08@mm. lance 

und 0.066mm. dreite Sohluckapparat®; each of which, however, in 
comparison with that described here by the writer and for $ch. 
solidus below, seems to be confused with the other. At least the 
oocapt of none of the bothriocephalids studied was found relatively 
80 large as indicates by Linstow in his measurements and in his 
figure, nor was the receptaoculum as spindle-shaped as shown in the 
latter. In this connection Kiessling deseribed a swelling of the 
vagina, 46» in diameter, which contained spermatozoa. The spermi- 
duct, is:.80 short and of. such & small calibre that it is quite 
diffioult to locate it in sections. It unites with the oviduct a 
short distance from the oocept (Fig. 4) much as in Soh. solidus, 
after pursuing a horizontal course, It 19 about 25p 4n length 
and k2y in diameter. The ovary is asymmetrical, os stated by 
Flegoling but denied by Linstow, since it consists of a much de- 
pressed lateral wing, situated close to the ventral musculature 
(Fig. 3) anda more median enlarged portion which functions aa the 
iethmus in that the oviduct arises from it. ten isthuues-like 
vegton is not in the median line but about 0. 25, fron 4t, the whole 
organ alternating irregularly from right to left, constantly op- 
posing the cirrus-sac on the other side. It varies from 0.55 to 
0,64mm. in width and has a length laterally of 0.13mm. Its un- 
usual situation is evidently due to the closely crowled condition 
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of the reproductive organs and the pressure exerted by the large 
uterus in the median line. Whereas the wing has a maximum dorso- 
ventral diameter of about GO fm , the isthmus is about 25p in 
depth and roughly ellipsoidal in shape, protruding in sections 
from the dorsal region of the junction of the wing (Pig. 3). Ova 
from the isthmus were found to be oval in shape and 15 213» in 
size (13-16), Linstow). The oocapt is directed horizontally away 
from the side of the isthmue and from the median line. Ita dia- 
meter ia 18-30», with whioh compare the dimensions of 88 x S36p 
given by Linstow (vide supra). The oviduct has a diameter of from 
15 to 20 Ms «© Taking a gensral dersal course after being joined 
by the spermiduct, it sconlreocives the common vitelline duct 

(Fig. 4) which has only a limited enlargement from a previoug dia- 
meter of 1-30) to 30 to form the vitelline reservoir which is 
leoated close to the oviduct with a length of 404 . ‘The vitclline 
foliioles are situated in a layer cgloae beneath the aubouti oula 
and are continuous, excepting in the median ventral line. The 
individual follicles, very irregular in shape, are 50-60 in 
depth and 30, in width, Linst. ow's measurements being 65 x 47, 
and Kiessling’s Gu in the larva. Coneerning the shell-gland Lin- 
stow said: "Dic Schalendruse ist ein 0.088-0.105mm. grosses Organ, 
das dorsal von der Mitte des einen Keinstockflugels an der Ent- 
sprechenden Auscenwand der Uterus liegt; die Zelien, deren kleiner 
Kern sich inteniue farbt, sind 0.5039mm. grossa." In the sections 
made by the writer 1t was found to be a quite irregular structure, 
composed of greatly elongated club-shaped celle with necks of 
different lengths which unite with the oviduot in a region only 
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about 30 in length and situated just beyond the point of reoep- 
tion of the common vitelline duot (Fig. 4). These cells are so 
loosely arranged and their proximal attenuated portions of such a 
filiform nature that they are very easily overlooked, especially 
gince they are scattered thruout the whole of the dorsoventral 
diameter of the medulla of the region and are interwoven among the 
oviduct, the receptaculum, the vitelline duct and the beginning of 
the uterus. They form by no means such a compact organ es 
Linstow's description and figure would indicate. The distal ends 
of the cells are about 15 x LO in size, while their nuclei are 
about 4 in diameter. Kiessling described the shell gland as 
@gimilar to that of Sch. solidus and as follows: "Die Schalenirise 








besteht aus Drusenzellen, welche an feinen Stielchen befindliche 
Bldachen an der Oberfliche einer Halbkugel angeordnet sind and ihre 
Stielschen als Radien nach dem Mittelpunkte der Kugel gendcen*; and 
his figures of such a compact region are likewise quite different 
from conditions described here. The uterus forms a masa of coils, 
0.5-0.6mm. in diameter in the median line, from which a straight 
portion passes ventrally thru the musculature ani cortex to the 
Opening which is about 20, in diameter (35 , Linstow). The 
diameter of the duct is 60 in the median frontal plane but only 
half that amount as it passes thru the longitudinal muscles. The 
measurement of the eges are acoording to Kiessling and Linstow, 
respectively, 49 x 34» and 65 x 42 «@ : they were found by the. 
writer to be 52-54 x 31-33» in sections. 

Our knowledge of the life-history of the species is con- 
fined chiefly to the worka of Duchamp (1876 ), Donnadieu (1877) 
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and Riehm (1883) who firmly established the well known fact that 
the larva present in the abdominal cavities of various species of 
teleosts develops rapidly in the intestines of fish-eating birds. 
The production of eggs begins after about 36 hours, while the 
adults live for from three to four days only in the definitive 
hosts. But apart from these and other closely related detatis 
which were brought out by Donnadien by means of well conducted and 
controlled experiments, nothing is known, so far as the writer is 
aware, of the development of the oncosphere in the intermedjiate 
host up to the time when they become distinguishable as small 
larvae. The measurements of the smallest larva found by the 
writer have been given above; Figs. 5 and 6 are of two slightly 
larger apecimens, the latter being 6.lmm, in length by 1.34mm, 
maximum breadth. 

a) Altho the above description shows many discrepancies be- 
tween the species as here dealt with and the Surepean form, the 
writer does not feel justified in separating the two specifically, 
especially in the absence of Furopean material for comp=rison. 

The thickness of the outicula, and subocuticula, the dimensions of 
“the testes, seminal vesicle and ocirrus-sac and the diameter of the 
vagina show the greatest differences, apart from the probable 
confusion by Linstow of the oocapt and receptaculum seminis, while 
the measurements of the eggs aa here given are somewhat inter- 
mediate between those by Kieesling and Linstow. But the fact 
that the data given by the latter are apparently the only adequate 
ones for the adult and that there are not a few discrepancies be- 


tween Kiessling's and Linstow's accounts restrains the writer from 
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looking upon this, tthe American form, as new. In dealing with 
this question of identity we must also remember that not oniy 

does the speoies-vary so much that, as pointed out above, a great 
deal of confusion exists in the earlier literature but that the 
number of host species of the larva as well as of the adult is 
very large as compared to other species of bothriocephalids, hence 
introducing greater factors for variation; and above all that the 
geographical distribution of the wading and diving birds harboring 
the mature worms is such that here in America we have mmny of the 
game species as well as the same genera that ocour in Furope. As 
the above record of hosts indicates, the species certainly ranges 
widely over Europe and Northern Asia, so that it would be quite 
surprising if it did not occur here in North America, with the 
probable region of transition in Iceland and Greenland on the east 
and Northesstern Siberia and Yukon on the west. However, apart 
from Leidy's and Linton's reoords it hae apparently not been re- 
ported up to the present. 

The material studied by the writer consisted of the follow- 
ing lot of larvae: Nos. 4706 and 4708 of the Collection of the 
United States National Museum; Ch 18a, 16.411, 16.413, 16.414, 
16.419, 17.31 and 17.32 of the Collection of the University of 
Tliinois, under the oare of Professor H. B. Ward; Nos. II, Iil, 
IV, and V from the Colicotion of Mr, H. R. Hill made at Turtle 
Lake, Michigan; and Nos. 47, 54, 150, 158, 159, 160, 189, and 190 
of the writer's ocolleotinn; and the adults contained in Nos. La- 
156, 17.184, and 17.185, ©. U. Ill. respectively from the intes- 


tines of Merganser sp., Podilymbus podiceps and Colymbus Rolboellii. 
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Genus 2. Schistocephalus Crepiin,1829, 


Taenia (part.) Auctorum, 
Hirudo (part.) Linnagus,1i745. 
Fasciola (part.) winnaeus,1767. 
Rhytis (part.) Zeder,1800. 
Halysis (part.) Zeder,1800,. 


Bothriocenhalus (part.)Rudolphi, 1808. 
Schistocephalus(part.) Creplin,1829. 

Generic diagnosis: Bothria and external segmentat ion ai- 
readyfeveloped in the larva. The tip of the scolex retractile. 
Segmentation complete and corresponding to the internal structure 
of the animal. Longitudinal and transverse muscles arranged in 
several alternating a4ayers (three transverse layers enclosing two 


longitudinal layers). 


Type (and only) species: Sch. solidus (0.}F.iMueller}. 
Schistocephaius solidus (0.).Muelier,1776). 


(Figs. 7 - 9.) 


Larval stage: 


1754 Taenia ce iPrisch 1734 ; 595, 
1745 Hirudo depressa alba Linnaeus 1745 : 2650. 
1758 Fasciola hepatica Linnaeus 1758 :648 

1761 Taenia tata Pailas L761 : 410. 
1767 tasciola benstica Linnaeus 4767 3: 1077. 
1776 Taenia solida Mueiler i786 : 219. 
1780 Te6hia gasterostei MueiLer 4780 : 22. 

1780 Taenia gasterostei Fabricius © 1780 : 520. 


1781 Teenia acutissima Pallas 1781 ;: 76,78. 
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Specific diagnosis: With the cA&racters of the genus. Me- 
dium sized worms, length 50 to 500mm.,breadth 53 to 9. First seg- 
ment or"scoliex” 0.4 to O.8mm.in length and 1.0 to 1.5 in width. 
Strobiia ovate-lanceolate and depressed,maximum breadth anttrior to 
the middle; hindermost segments narrover and flatter, 0.25 to 1.0 
mm. in length by 1 to 5 mm. in width, forming an appendage up to 
10mm. in length; medium segments O.1 to 0.5mm. long,posterior bor- 
ders prominent. Shallow median groove on the ventral surface. 

Guticula 15 to <Op» in thickness; subcuticula 40 to 65u. Lay- 
er of internal longitudinal muscles 16 to S0pin thickness. herve 
strands 50 to 75p in diameter, 25 to oO excretory vesseis in tran- 
sections. 

Genital cloaca median,shellow,with a diameter of 90, ; no her- 
maphroditic duct. Opening of vagina close behind that of cirrus 
and to one side but not so far as that of the uterus,both alter- 
nating irreguiatly from side to side, 

Testes extena from the median genital ducts iateraliy to the 
edges oi the medulia, unbroken from progiottis to progiottis,close- 
ly crorded,240 to 450 in number for each proglottis,85 to l0oOwin 
depth, 40 to 65 in width and 55 to 85 in length, Vas°deferens me- 
dian, dorsal,closely applied to the seminal vesicle,the whole mass 
0.5O0mm., in diameter, the duct itself 55 to 604, Seminal vesicle 
175 x 150 ,walls 25 in thickness. Cirrus-sac oval in shape, 
immediately below the semineai vesicle, 0.185 - 0.205 x 0.205-0.Z212 


x 0.166-0.185mm. in dimensions. No inner seminai vesicle. Cirrus 
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proper not sharply sgparated from the ductus ejaculatorius; whole 
surrounded by numerous retractor muscles, 

Vagina 45 to 60f'- in diameter just within the medulla, Recep- 
taculum seminis large, 92-1l0ipin diameter, Spermiduct unites vith 
the oviduct close to the ventral wall of the medulla. Ovary with 
large wings consisting of closely arranged tubules, whole organ 
O.6mm. in width,vingsO.10 in length. Cva top in diameter, their 
nuclei Sp. O6capt 6& to 40 in diameter,oviauct £5 to SO,. Vi- 
telline gland unbrokem at margins of the proglottis,from proglottis 
to proglottis and medially, excepting for small areas above and be- 
low the proximal reproductive ducts; individual follicles 55-90 x 
18-26». OOtype 16-Z2Opin diameter, ‘Cheli-gland slightly to one s 
Side of median line. Uterus 84-iSs5p,in diameter at its middle; 
the terminai portion directed dorsoventraily and iined with cuticue 
da distally; opening at the bottom of a siight invagination of the 
ventral body wall, formed by. the rupture of a preexisting cuti- 
cular membrane. 

Eggs, 58-65 x 22-58p. 

Habitat: As larvae in the body-cavities and coccasionally in 
the stomach anu intestine of bony rishes; adults in the intestines 


of wading and diving birds. 
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As indicated in the above synonymythis species was known 
for almost a century, at first as the larval form only and then as 
both larval and adult forms, before it was discovered that the two 
apeoies recognized from the time of Bloch (1783) were one and the 
game. Abildgaard: (1790), who called the work T. gasterostei, 
éceme to have been the first to consider the larval form found 
chiefly in stickle-backs to be the same as that found in fish-eating 
birds, since on feeding stickle-backs infeoted with the larvae to 
geese he obtained the adult form from the intestines of the latter. 
Yet Rudolphi (1810) did not agree with his conclusions but still 
eonsidered that there were two distinct species, namely, Bothrio- 
gephaius nodosus (adult) and B. solidus (larva), And thia con- 








tinued until Creplin (1829) united both in one species under a new 
genus, Schistocephalus dimorphus. Diesing (1863; 233) mode a new 
species out of the Schistocephalus found by Weinland (1859) in the 
Island of Hayti in Rhybhichthys grenovii, but later writers have 
considered that in all probability it was only the well know 
larval form of this especies. Willemoes-Suhm (1869) was evidnntly 
the first to study the development of the fertilized ovum which 
wae later gone into more thoroughly by Schauinsland (1885 ; 555). 
Donnadien (1877) to whom all go back in their comaiderations of the 
larval development of Liguia, unfortunately fell into the error of 
considering Schistocephalus and Liguia to be not only the same 
specifically but generically. The anatomy oas first studied by 
Moniez (1881 : 175), more thoroughly by Kiessling (1883) and still 
later by Fuhrmann (1896) ( under B. gachokkei sp.nov.) and Solowiow 
(1911). Linton (1897 : 427) is the only one, apart from 
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Weinland's record which the writer was not able to locate, who 
has reported the species from America. | 

As regards the ocorreot name of the species it should be 
noted that, altho Luehe (1899 : 52) called the "typical and only 
Species" of the genue Sch. nodosus (Rud.) and the larval stage 
Sch. solidus (0. FP. Mueller), he reverted in 1910 to "Schist. 
gosterostos (Fabr.) ( = Sch. Gimorphus Crepl.)" without, however, 
Giscussing the change. But according to the Rules of Nomenclature, 
Art. 27 (b), the earliest name of the larval stace mist hold, so 
that, sinoe Iuehe himself considered this to be Sch. solidus 
(0. F. Muelier), the writer makes use of the latter in the present 
paper, 

According to Luehe (1910 : 19)Sch. solidus renges in 
length from SO to 300mm, while the maximum breadth varies from 
about .3 to Omm. and is located shead of the middle of the strobila. 
Ag shown in the table below the largest and only sexually neture 
apsoimen of the six etudied by the writer (vide infra) was only 
20mm. in length by 6mm. in breadth. The soplex (Fig.7) is, ae 
indicated in the above diagnosis of the subfamily, not separated 
from the first segment into which it runs insensibly, the whole 
"head ® being thus triangular in shape. The bothria are merely 
Shore medion grooves which unit at the very tip not only with cach 
other but vith a frontel median groove whioh passes laterally into 
slight emarginations of the edges of the segments. While these 
emarginations were ecen by the writer to be present in the anterior 
segments, gradually disappearing towards the middle of the worm, 
no such "flet leaflike flaps (bothria) on the lateral margins, 
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separated from each other on flat surface by a broad, shallow 
sulcus," as desoribed by Linton (1897 : 428) and shown in his 

Fig. 4, Pl. XXVIII, for the first segment were net with, but the 
posterior border was quite entire, altho, as veen in Fig. 7, not 
very prominent in the vicinity of the median line in sdults as 
well as in larvae. The bothria of the mature specimen (H 7 of 
the table below) were not present, but the region where they would 
otherwise be was seen to be quite smooth, only a shallow, median 
frontal groove appesring. The whole satrobila is ovate-laceelate, 
Considerably depressed and provided in the adult with a very 
shallow medien groove on the dorsal surface (Fig. 9) which seems 
to be due to the slight protrusion of the median reproductive 
orgens, chiefly the ocirrvs-sacsa and seminal vesicles, towards the 
ventral eurface (Fig. 8) and the consequent dragging downward of 
the dorsal median tissues. Concerning this matter Linton said 
that "S$. dimorphus is described as having in the larval state a 
longitudinal median furcoe on each face. These specimens do not 
exhibit this character; neither do they have anything that oan be 
properly called a costa dividing the two -bothria.* While in the 
specimens studied the dorsal groove was present not only in the 
adult but (not so well morked) in the larva, a similar ventral 
groove was sleo noticed in sections of the anterior end of one of 
the latter. Both grooves, however, are in any case so shallow as 
to be easily overlooked in alcoholic specimens; they seem to be 
of only secondary importance since they are apparently quite vari- 
able in their nature. While the segments in the anterior region 
of the strobile are very broad ani comparatively thick, short, and 
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from 0.1 to 0.5mm. in length, posteriorly the satrobila is consider- 


57 


ably smaller and flatter, espeoially in mature individuals, but 


even in larvae the segments being much more irregular in outline 


and as much ss lmm. long (0.75 in the only ripe specimen studied), 


The segmented gondition of the strobila, in contrast with that of 


Liguia, io rendered more apparent by the prominent posterior bor- 


ders of the anterior and middle proglottides which at the margins 


produce the characteristic saw-tooth effect. 


The following table 


gives the measurements of two specimens with those by Linton for 


comparison: 
‘Humber 
Length 
Max. breadth 
Length of "Cauda® 
Breadth of same 
Med. segs., length 
Post. segs., * 
First seg., * 
_ Breadth anteriorly 
| ® posteriorly 
Length of bothrium 
- Condition 


cinee the 


72 
17mm. 
6.5 . 
1.64 
1.1 
. 0.16 
0.25-0.40 
0.46 
0.48 
2.11 
0.074 
Larval 


H? 
COMM « 
6 
30 
2-3 


0.27+0.46 — 


0.40-0.75 
0.46 
0.46 
1.11 
Absent 
Adult 


4727, U.S.N.M. 
3emm. 


Larve2 


essential features of the internal anatomy of 


thts specica have been worked out by the Rurop ean workers, only 


tho striking similarities and differences to and from ths data 


given in particular by Kiessling, Fuhrmann and Solowiow will here 


be dealth with in support of the ariter's contention, in the ab- 
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sence of Furopean material for comparison, that here in America 
we have the same species as that found in Furope. And it will 
be oonsidered that, as brought out by Luche in his three contro- 
versial references (1997b and 1899a : 715) and by Cohn (1898 : 
126, footnote), S. sxchokkei Fuhrmann 1898 isssaynonymous with 








S. solidus, sinoe many of the data given below will be seen to 
eompare more favorably with those published by Fuhrmann than with 
those by either Kiessling or Solowio#. 

According to Kiessling theoutioula is from 15 to 18u in 
thickness and divisible into two layers, of which the inner and 
lighter is from 8 to 9u thiok, while the outer is striated or 
granular.  Fuhrmann desoribed a gutioula only 7p in thickness 
and divided into two layers, and Solowiow gave the thickness of 
the "homogeneous cuticula® as 23, but Minckert (1905a : 408) 
gaid that the comidian or pseudociliated layer, present in many 
bothriocephalids, was quite evident in §. nodosus but absent on 
the posterior borders of the proglottides. Here the cuticula was 
found to be 15» in thickness, exoepting on the posterior borders 
where it was only 5p» , and to be divisible into two layers, the 
outer of which, a little thinner than the inner, was much lichter, 
granular in consistency or somewhat striated with, however, a more 
or less uniform external boundary. It ssems to be easily 
separated from the inner stratum, the bounding line, in-reality 
the innermost portion of the external layer, being in most places 
very light. In fact the brightness of this inner lsyer of the 
outer stratum indioates the degree of separation of the two layers 


in the process of sloughing off the outer, which oan be easily 
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followed in sections as desoribed by Kiessling. But this de- 
soription applies only to theadult stage, for in larvae the euti- 
oula, altho of the same thickness, shows an outer decidedly psaeu- 
dociliated layer only au in depth. The subeutioula, 88.5 in 
thickness in the median line accordins to Solowiow, waa found to 
be from 40 to about 65 , Kiessling having given the limits as 
from 29 to 38, . White the parenchyma is, as desoribed by the 
authors, very fine meshed, ocaloareous vodiles are present in com- 
paratively small numbers, particularly just beneath the subcuti- 
mula of the larva. Their maximum dimensions were found to be 
83% 1Sp. 

The musculature has been weil described by Kiessling and 
Fuhrmann, so that it needs only to be aaid that in sections of 
mature progiottides the writer found that the outermost layer of 
Sraneverse muacles as well as the outer loncitudinal layer were 
much less numerous and hence well defined thay in the larva. 
Whereas Kiessling gave the thickness of the external and internal 
longitudinal groups, which on account of their compact nature were 
found to be more uniform in thickness than the transvers layers, 
&8 8-33 and 16-49) , respectively, and Fuhrmann as 4 and Gp, 
the writer found them to be 17 and 30-40 p . 

The nerv' ous system was first studied in detail by Niemies 
(1886 : 9) and later more thoroughly by Cohn (1898 : 126) who 
summarized ite structure in the following words: "Von dem vordersten 
Theil, den Ganglien und der Commissur, ziehen die Hauptatringe und 
12 Nebennerven riickwtrts (six associated with each chief strand). 
Die Nebennerven theilen sich dichotomisoh in zwei Ebenen, der 
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frontalen und rediaren, ein Theil dea Theilfasem rickt zwischen 
iussere Transversesl und Langemuskeln, der andere bleibt weiter nach 
inmnen zu zsuruck, und diese Nerven treten einerscits unter sinander 
durch Ringcommissuren, andrerscits duroh radiiire Fasern mit den 
Hauptnerven in Verbindung.* Whereas Kiessling gave the dismeter 
of the chief nerve stranda aa 38 ond SPdvi ow 23 67.9 , here 
they were found to be from 30 in meture proclottides, to 75» in 
the anterior segecnts. The ganglia were found to have a diameter 
of from 55-85, , compared with 77 w by Kiessling. 

In transections from 25 to 30 excretory veesels were seen 
in the medullary parenchyma with diameters ranging from 29 to G3. 
Fuhrmann gave 24 a3 the number while Solowiow gave their size ae 
13.9 to 33.3p. Foramina seoundaria are to be seen piercing the 
Quticula here and there, but they are not: very numerous, 

Ag indicated in the diagnosis of the subfamily the repro- 
ductive organs apsear olose behind the sealex. In one toto pre- 
paration of a larval specimen, No. 73 of the above table, the 
earliest traces of their rudiments were present in the 18th pro- 
Qlottis,or 3.96mm,. from the anterior end, while in the only mature 
specimen, H.?, they were in the 16th proglottis, a few eggs appear- 
ing in the utorua of the 17th. The cirrus and vagina were found 
to open close together 4n a2 very ahallow and sometimes quite obli- 
terated genital cloaca. With @ maximum diameter of about 90p, 
the vagina behind the cirrus, but very slight either to the right 
or left and not according as the uterine opening further back like- 
wise alternates irregularly but With a greater amplitude. The 
three apertures form almost a right-angled triangle, as described 
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by Kiessling, but, ae waa pointed out by Luche (1999a :716) this 
arrangement is by no means constant but varica with the state of 
contraction or relaxation of the whole strobila and hence cannot 
be considered as specific. 

The testes are arranged in a single layer in the dorsal 
portion of the whole of the medulla not only in the larval but also 
in the adult, as desoribed by Fuhrmann, the majority of the 
exoretory vessels being situated towards the ventral aide of the 
medulla, and are absolutely continuous from proglottis to pro-+ 
glottia. Their number in transections ia from 30 to 40 (30-35, 
Kiessling) and in sagittal from 8 to 123 for cach proglottia, thus 
making the total from 340 to 480 or over 300 on the average, whioh 
atands in distinct contraet with the number of about 100 given by 
Fuhrmann. The latter gave their dimensions ae 30 x 34m, Kiessling 
as 16 to 66+» in young and 149 in mature animale, and Solowiow as 
68-93; while the writer found them to be from 85 to 100p in 
depth, 40 to 65 in width and 55 to 85 in diameter in fronts] seo- 
tions. They are very oloacly crowded tozether in the proglottis. 
The vas deferons forma a compact mass of coils situated in the 
median line dorsally and slightly posterior to the vesicula semi- 
nalia to which it is glosely applied as a sort of eap. While the 
diameter of the whole organ is about 0.30m, that of the duet ite 
self is from 35 to GO, when distended with spermatozoa. Kicssling 
gave ite diameter ae 38, and Solowlo# 19 16.3. The large thick- 
walled seminal vesiole (Fig. 9) eltuated immediately above the 
girrue-gac wae found to have a maximum depth of 175» and transverse 
diameter of 150, , 28 compared with the 92m of Kiessling and the 
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80 « of Puhrmann. Ita wella are very muscular, sbout 35u in 
greatest thickness and covered both internally and externally with 
numerous nuclei whioh are respectively epithelial and parenchyma- 
tour or myoblastio in their nature. Within the cirrus-sac the 
ves deferens is mush coiled but not enlarged to form any secondary 
vesicle nor sharply espenetwe into an ejaculatory duct and cirrus 
proper. The sac itself ie oval in shape, the ventral end being 
the emaller, and the proximal eni somewhat invaginated by the 
seminal vesicle. Its sige is shown in the following table: 


Kiessling Fuhrmann Solowiow The writer 


Depth 0.347mm. O.25mm. 0.204mm. 0.1865-0.203mm. 
Width 0.182 ° 0.48 ® 0.174 ® 04+203-0.218 * 
Length oes see ia 0.166-0.185 " 


Its wall, about squel in thickness te that of the seminal vesicle, 
is, however, more open in texture, the Myoblastic nuclei of the 
obliquely arranged muscle fibres being scattered thruout its dia- 
| meter (Fic. 9). It ia, furthermore, not sharply separated either 
externally or internally from the surrounding parenchyma and the 
numerous stout retractor muscles of the oirrus, respeotively. The 
latter, in fact, constitute practically the whole of the contents 
of the sac apart from the duct itseif. The only protruded ofrrus 
seen hed a length of 70, 48 Compared with the 0,35045mm. given 
by Solowi om. 
The vagina, the opening of which is usually situated 

about 50 from that of the olrrus at the bottom of the shaliow 
genital cloaca, ebove mentioned, haa a diameter of from 45 to GO Mm 
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at the first bend in ite course within the medullary parenchyma. 
Soon after it enters the latter 4t becomes thin-wolied,asa pointed 
out by Fuhrmann, owing to the thinning ovt of the cuticula and the 
substitution of the proximal nucleated epithelium for the same, 
altho more peripherally much flattened nuclei are to be seen bee 
neath the cuticula and crowded close to the basement membrane. 

In other words the gradusl replacement from within outwards of the 
gutiocula for the original epithelium may be followed very easily 
in the walle of the vagina. The duot gradually enlarges to form a 
much elongated receptaculum seminis (Fig. .8) with a dismeter of 
92104, . (921, according to Kiessling!) and sharply separated 
from the spermiduct, which, however, was not found in the sections 
riade to uni te with the eviduct close to the dorasl] transverse 
musculature a3 stated by Fuhrmann, but close to the ventral wall 
of the medulla. The ovary consists of two large wings (Fig. 8), 
gomposed of closely crowled tubules, lying immediately upon the 
ventral transverse musolés and united by a much smaller isthmus, 
the whole having the width of 0.64mm, aa compared with the 0.39mm. 
of Solowiow. The avorage length and depth of the wings are, 
respectively, 105 and 90. Ova from the isthmus an more median 
portions of the wings of the ovary were found with.a diameter of 
13» while their nuclei were 54. The respeotive measurements by 
Kiessling and Solowlow were 9 and Gp and 13.9-33.3 and 1.5-3p. 
Puhrmann stated that one of the most important differences between 
his Sch. Zachokkei, and Sch. solidus wae the presenee in the former 
of an cooapt, but Luene (1899a : 717) claimed that this structure 
was in all probability overlooked by Kiessling. It arises from the 
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posterior aspect of the isthmus almost in the median line with a 
diameter of from 35 to 40m. The oviduct, acaording to Kiessling 
haa a diameter of 13po0r to Solowiow of 374; here it was found te 
be from 25 to 30" between the entranee of the vagina and that of 
the common viteliine duot, which two points are close together as 
in L. intestinalis. The common vitelline duet was found enlarged 
some little distance from its opening into the oviduet to form a 
vitelline reservoir having a diameter of 30H (23, Kiessling). 
The vitelline follicles are extremely numerous and closely crowded 
together in a. layer with a maximum thickness of 85p situated be- 
tween the inner longitudinel and middle transverse mealies (Fig. 8). 
They are continuous at the margine of the proglottis, as they are 
from joint to joint, and broken only in limited elliptical areas 
above and below the reproductive duots in the median line, as stated 
by Puhrmann. The size of the individual follicles 4a according 

to Fieseling 56-107 x 56» and to Solowiow 19 x 27p3 here they 
were found to be 5887 x 18-26p , the larger Cimensions being 

the dorsoventral diameters. Just beyond the entrance of the common 
viteliine duct the oviduet enlarges to form the ootype with a 
diameter of 1G (20 fh» Kiessling) and surrounded by the shell- 
gland which is situated just above the median frontal plane and 
somewhat lateral, Thruout ite course the oviduct ig lined with an 
epithelium in which prominent nuclet but no diotinet cell boundar- 
ies were seen and from which numerous cilia protrude into the lumen. 
In the ootype these cilia are much more noticeable. From the oo- 
type the oviduct passes ventrally with a few colle then across the 


‘median line close sbove the receptaculum seminis aa the beginning 
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of the uterue,. The latter gradually enlarges as it passes forward 
while orossing the median line several times, until at evout the 
midéle of ite course it haa a diameter of 85 to 135y. As re- 
gards the terminal portion of the tube the writer found that, as 
Puhrmann observed: "Der Endtheil der Uterus verengert sich and 
verieite von der Dorss1flache (the median frontal plane in which 
the last tronmaverse ooil ig situated) direkt ventral, um regel- 
Measig abWeohselnd links oder rechts neben der Vagina suszuminden® 
(vide supra). 
or Seotions show that the actual opening is formed by the 
rupture of the bottom of a oup-like invagination of the outicula 
from the ventral surface, which meets the end of the duct with a 
Giameter of from 35 to 40¢. Aa Puhrmann stated, "Dieser Aus- 
fuhrgang der Uterus tet von der Stelle sn, wo er ine Rindenparen- 
chym tritt, wie die Vagina und der Cirrusbeutel, von szahlreichen- 
Parenthymmuskein umhdlit und von einer der Korperfoutioula dhnlich- 
en membran ausgekleidet," but the eutioula wag found aa such only 
near the opening, since only halfway back elong thie dorsoventral 
limb of the organ flattened nuolei could be diatinetly seen. In 
other words the flattened epithelium of the uterus, which showing 
only «a few soattered nuclei was deacribed by Kiessling as a "fine, 
structureless but clastic membrane*® passes inacnsibly into the 
outi cule ngar the opening, no distinot line of junction between the 
two being discernible, which latter ia also applicable to the 
similar structure of the vagina. 

The @imensions of the ellipsoidal eggs in the sotions of 
the uterus were found to be 62-65 x 33-36~. Kiessling gave them 
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ag 49 x 37 and Puhrmann as 70 x 29, but in discussing the 
latter Luehe (18992 : 718) remarked that not only did he find 
variations from 38 x 28 to 56 x S8p in the size of the eggs in 
material of B. Zschokkei sent to him by Fuhrmann, but that in 
general even greater variations than these are to be found in 
other species according to the various writers. 

Our knowledge of the life-history of this species dates . 
from the time of Abildgaard (1790) who, was mentioned above, was 
the first to experiment with the larval individuals found in fishes. 
Creplin (1829) united the two forme which were considered to be 
two separate species into one species, evidently on the basia of 
the previous work, especially Abildgaard's (of. Donnadien, 1877f : 
340-341), while Donnadiemw in his elaborate experiments on the life 
history of Liguia unfortunately did not differentiate between it | 
and Schistocephalus. The development of the fertilized embryo 
into the encosphere was first studied by Wi llemoes-Suha (1869) and 
later more in detail by Schawmsland (1835 ; 555), since when nothing 
of special importance has been added so far ag the writer ig aware. 
Henee up to the present we know no details of the development of 
the oncosphere into the larva in the intermediate host, as is the 
case with most of the bothriocephalids. 

As regards the identity of the material studied with the 
Puropean species it will be seen from the above comparisons that, 
while there are many discrepancies among the data given by Kiess- 
ling, Fuhrmann and Solowiow, those by the latter departing the 
farthest in many respects, the resemblances so outweigh the dif- 


ferences as to make the ereotion of a new species unjustifiable. 
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The thickness of the cuticula, the diamter of the excretory vessels, 
the dimensions of the seminal vesicle, the ovary and the egga, 
which constitute the majority of the differenoes, might easily be 
explained by differenoes in age of the material studied, but the 
number of teates (100) as given by Fuhrmann can searaely be recon- 
Giled with that as given by the writer (300+), altho his dimen- 
sions of the organs agree with those given here perhaps better than 
do those by Kiessling or Solowiow. On the other hand we must bear 
in mind other facts which doubtless in the long run are more im- 
portant than a comparison of the details of tha anatomy of this 
evidently highly variable speoies, namely, the geographical distri- 
bution of the hosts. Altho we cannot place so much emphais on 
Fabricius’ finding T. gasterosteg in the type larval host as long 
agro as 1780 in Greenland, we must remember that here in America 
there are, a3 in the oase of L. intestinalis not only a number of 
the same genera but also of the same species of the larval as well 
aa the adult host as int’furope, 30 that from this alone we would be 
justified in expecting to find the same species of Schistooephalus, 
especially since it infests such a number of different host 
apecics. But, on the other hand, it is a very surprising fact 
that apart from Linton's report of the larva from Montana evidently 
no one has up to the present found the form in any of the numerous 
fish-eatingtirds of the continent. 

| This evident infrequent occurrence of the species is ilius- 
trated by the fact that the material used for study by the writer 
consisted of only fwar lotsa: Nos. Glb and 73 from the body oavities 
of Uranidea formosa, taken from the stomach of Lota maculosa, and 
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190 from the coeclome of Gasterosteus bispinosus atkinsii, of the 





writer's collection; and No. 17.192 of the C. U. Ill. from the 
intestine of Lophodytes cuoullatus, the only mature specimen avail- 


able, — in all only 31x specimens. 


Subfamily 3. HAPLOBOTHRIINAE subfam. nov. 

Strobila formed by the subdivision of the segments of 
& primary strobila. Seolex of the latter a oylindrioal, somewhat 
Glubshaped organ bearing four everaible probosocides saimilar in 
structure to those of the Trypanorhyncha; scolex of the former or 
secondary (definitive) strobila merely the slightly modified fore- 
most segment, provided with shaliow dorsoventral depressions ana- 
logous to the bothria of other bothrioccephalids. An elongated 
neck may be said to be present in the primary strobila. Segmen- 
tation of the primary strobila resulting in the formation some 
@istance behind the scolex of &® comparatively oust number of long 
dkrrow segments which in turn subdivided anteriorly to form the 
segments of the secondary or final atrobila. Segmentation in the 
latter thus beginning immediately behind the secondary soolex, but 
gomplete in its anterior region only. Genital organs simple in 
each proglottis. Genital openings surficial, ventral and median 
ag in the Diphyliobothriinae. Ovary and shell gland median, re- 
spectively ventral and dorsal. Vitelline follicles in the medul- 
lary parenchyma, as are the testes, both within the nerve trunks. 
Testes separated into two lateral fields by the median exoretory 
vessel and the genital organs in the median line. Vas deferens en- 


larged to form a large non=-musoular seminal vesicle before entering 
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the ocirrus-saac, Cirrus armed with minute apines. Receptaculum 
seminis medium sized, sharply separated from the spermiduct. 

Uterus divided into a much coiled proximal uterine duct and a large 
uterus-sac, as in the Ptychobothriidas. 


Type genus: Haplobothrium Cooper 


Altho we know as yet comparatively little about the life- 
histories of the bothriocephalids, the definitive scolex and 
atrobila develop direotly from the larval stage, known as the 
plerocercoid, present in the intermediate host. This is certainly 
the case with Ligula, Schistogephalus, Dirhyllebothrium istum, 
Cyathoosphalus truncatus and Driaenophorus. As a matter of fact 
in all of these the scolex is already mors or less well formed. 
before theflarva reashes the final host, while the plenooercold 
continues to grow and soon shows the beginnings of segmentation 
which marke the young satrobila. Consequently the writer feels 
that we must look upon what is oslled here the primary strobila 
of Haplobothrium as the true strobila, homologous with the young 
atrobila of other bothriosephalids, altho what was formerly con- 
sidered to be the strobila ia quite similar, apart from the absenoe 
of external segmentation in its posteriorzegion, to that of other 
members of the order. Even tho it is provided with a very aber- 
rant scolex region, -- and we must remember that the scolex is no 
more sharply set off from the rest of the larva in other species, 
such a3 D. latum, -= the young and as yet unsegmented primary 
etrobila may be considered to be a typioal plerocercoid. 


The nervous system consists of two chief strands united 
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anteriorly by a commissure, which is doubtless relatively larger 
than in other forms on account of the neighboring proboseides to 
whioh it sends large branches, as in the larvae of Ligula and 
Sohistocephalus, for instance. Its exeretory system is likewise 
built on the typical plan, the posterior connections with the ex- 
terior being, in fact, quite like those of B. scorpii. On the other 
hand, it can be seen from the description of the development siven 
below that the terminations of the nervious and excretory system 
in thesecondary strobila, both anterior and posterior, support the 
view that the latter is not homologous with the strobila of other 
bothriocephalids. For what was formerly described as the ring 
Comissure must now be considered as merely a secondary development 
due to the fusion of the severed ends of the chief strands, which 
statement is also applicable to the terminal vesiole of the excore- 
tory system. And thie in spite of the fact that the secondary 
soolex is quite similar to the true sacolex of other apecies in that 
it ia supplied with twogeete of muscles which are not found in the 
foremost segments but are peculiar to the soolex. Sinoe there is 
eonsiderable evidenoe in the literture of cestodes to show that 

the prominent posterior borders of the foremost segments of many 
species are developed as accessory orzans of attachment or for. 
locomotion (of. Spengel, 1905 : 261), we might woll ask ourselves 
whether external segmentation in Haplobothrium, particularly since 
it 18 confined to the anterior region of the secondary strobila, 

ie palingenetic or coenogenetio in ite nature. The facts that no 
suoh appendages are present in the primary strobila and that the 


posterior end of the secondary one is non-segmented apart from 
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the sets of reproductive organs, would seem to point to the 
@tteinal condition being one in which external segmentation was 
absent as in Ligula or Eriaensphorus. Sineec, however, in the 
middle region of the aecondeary strobila there is an actual corres- 
pondance between the external and the internal segments, it is 
quite probable that the external segmentation is much older than 
might at first appear, while the liguiate condition of the poster- 
ior end may have developed secondarily. Andfre must remember, 
too, in this conneotion that, according to Luehe (1898 : 285) Li- 
guia hes descended from fully segmented both riooephalids. 
: Aa regards the remaining oharacters of the subfamily the 
writer met with not a few diffioultiss on account of the fact that 
wp to the present there is only one genus and one specica known. 
Those given are consequently baeed on & comparison of the spe scies 
t the neighboring subfamilies and in partiquiat with the Diphyl- 
lobothriinse to which it is most closely related. [It Giffers from 
the Diphyllobothriinae, however, in that the genital organs are 
osmrie in each proglottis; the viteiiine follicles are medullary; 
the test are within the nerve trunks; the seminaltvesi cle ia not 
atrongly muscular; the cirrus is armed with minute spines; the 
receptaculum seminis ig medium sized; while the uterus is divided 


into uterine duct and uterus-sac 26 in the Ptychobothriidae. 
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Genus l. Haplobothrium Cooper 1914 e.p. 

Haplobothrium Cooper 1914b : 1-8 

Haplobothrium Cooper 1914b : 115 

Borders of the terminal diso of the secondary scolex and 
of the posterior auricular appendages of both the scolex and 
anterior segments provided with minute spines which disappesr with 
the appendaces farther back. Nervous system consists of two chief 
strands situated in the medullary parenchyma outside of the vitel- 
line follicles, uniting inthe anterior end of the secondary strobila 
to form & secondary nerve ring, and eight collateral strands, four 
arranged sround each main tract, the latter in the jointed portion 
of the strobila only, but in the true scolex to form an irregular 
transverse commissure situated among the proboscides. Exeretory 
system composed of one large median and slightly dorsal vessel and 
two smaller lateral and ventral, all uniting in the secondary scolex 
behind the nerve ring to form a vesicle. No genital cloaca, opening 
of vagina close behind that of cirrus, towards the anterior end of 
the proglottis, that of the uterus sane farther back. Sphincter 
vaginae present. Vitelline glands in numerous follicles arranged 
cylinirically around the testes, both continuous from joint to 
joint, leaving clear areas opposite the central genital duotsa; large 
vitelline reservoir. Vas deferens provided with a sperm-reservoir 
at its posterior end near the middle of the proglottis; whole 
course of the duct dorsal to the uterus-sac. Uterus-sac when gra- 


vid occupies the whole of the middle of the proglottis. 


Type species: H. globuliforme Cooper 
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The ohsaractere here given are in reality those of major 
importance in the speolies left after what are considered by the 
writer to be subfamily characters are removed. The difficulties 
in defining the genus are great owing to the facts that it stands 
alone in the subfamily, contains only one species and is, further- 


more, 6@ aberrant in many respects. 


Haplobothrium globuliforme Cooper 1914. 


1914 Haplobothrium globuliforme Cooper 19l4a : 3 
1914 BHaplobothrium globuliforue Cooper 1914b : 115. 


. Specifio diagnosis: With the characters of the genus. 
Small worms, primary stroblla up to 70mm. in length, secondary 
to 110mm., with respective nakiaen breadths of 0.3 and 0.6mm, 
Primary socolex 0.35mm. in diameter, indefinite in length, bulbs 
0.40-0.45 x 0.06 x 0.07mm.; secondary scolex, 0.4-~9.5 x 0.35-0.4mm. 
Bart cular appendages disappear at about the 25th segment in normal 
ddoondary strobilae. Foremost secondary segments tetragonal, 
midile and posterior much elongated and considerably depressed. 

; Cutioula 3-4y in thickness, subcutioula 25p + Chief 
nerve strands 18,” in diameter, narrowing intersegmentally, Ter- 
minal exoretory vesicle 20-40 » in diameter. 

i Genital organs begin at about the 15th proglottis. Open- 
inge of cirrus and vagina 0.02-0.07mm. apart. 

Testes spherical to ellipsoidal in atare, 70-115" in 
maximum length; 80 in eaoh segment. Vas deferens median, viens 
ted, only slightly ocolled, 10-55, in diameter. Veaicula seminalis 
broadly spindle-shaped, 140 x 90M. Cirrus 30-30 in diameter; 
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cirrus-sac, 0.16-0.31 x 0.14-0.16 x 0.18-0.20mm. 

Vagina 30-30 in diameter at ita opening, 56p in ite 
enlarged diatal portion.  Receptaculum seminis 30-45 in diameter, 
apermiduct 5-10 and very musoular. Ovary hipperepigorm, the 
limbs being direoted posteriorly and often fused with each other, 
the isthmus narrow. Ova from latter 10+12 » in diameter, their 
nucleu, 7p. Oocapt 15 to 25m in diameter, oviduct &15p. Two 
Vitelline duots, each Gm in diameter; vitelline reservoir 25 to 
55 ; follicles spherical By ellipsoidal in shape 8-50 in diame~ 
ter, very numerous and olosely crowded. Ootype 20m in diameter; 
shell-gland irregular in shape, poorly developed. Uterine duct 
enlarged proximally with few coils, smaller distally and more 
colled, median, 25 to 55» in diameter; uterus-aae elongated, 
filling most of the medulla when granid; uterus opening a small 
median elongated slit, ok tented near the posterior end of the sac. 
Fees, 60-70 x 40-43p . 


. ¢ 
it 


Habitat: In the intestine of the host. 


Host . Locality Colleotor Authority 
Amia _calva § Go-Home Bay Cooper Cooper, 1914b : Sl 


(type host) Muskoka, Ontario 
" " Havana, Illinoia oH. B. Ward Cooper | 
| (the present paper) 
* * Fairport, Iowa » . 
Type specimen: No. 33.1 in the writer's collection. 
Co-types : Nos. 3343 and 33.3 of the same, and in 


the Coll, Univ. Ill. 
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In a preliminary paper on the systematic pesition of this 
apeoies the writer (1914 1 1) desoribed the soolex as " ... un- 
armed, although the edges of the terminal diso and auricular appen- 
dages of both soolex and anterior proglottides are gedwided with 
very minute spines, Bothria, two shallow depressions on the dorsal 
and ventral surfaces, very simple in structure," and in the 
detailed deseription which followed (19140) the organ waa dealt 
with (p. 83) aa follows: "The soolex is quite small, simple éxter- 
mally and with the unaided eye oan soareely be distinguished from 
the firet joints. It is shaped roughly like s reotangular solid, 
hollowed out laterally to form simple depressions and dorsoven- 
trally the shallow bothria or organ of attachment. The summit is — 
somewhat prolonged as a low pyramidally-shaped dise, quite com- 
parable to that ("Soheitelplatte") found in the members of the 
gubfamily Priaenophominae Luehe 1899 ... The opposite end of the 
seolex ie modified to form two pairs of aurioular appendages 
closely resembling internally as vell aa externally those of the 
foremost joints." Furthermore in both papere it was emphasized 
that the seolex differs little in structure spart from the nervous 
and exeretory aysateme from the first segments and that the simple 
dvothria, whence the generic name, seom of little functional imror- 
tanoe as compared to those of other species, while the uri cular 
appendages of both scolex and foremost joints with their borders of 
minute outioular spines probably act as accessory organs of attach- 
ment. 

Sinee then the latter view hae been rendered still more 
highly probable, altho as yet no observations have been made on 
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the living worms in their relation to the wall of the host's intes- 
tine, by the discovery that the so-o2lled seolex (Pica. 13 and 14) 
is not tn reality the soolex but only a slightly modified anterior 
segnent, while the funotional scolex is something quite different | 
from anything present in the whole order, so far as the writer is 
aware: 

As shown in Figs. 10, 11 and 13, the scolex consists of the 
alightly enlarged anterior end of the original plerocercoid or 
larva from which protrude four probosoides, the whole somewhat 
resembling ® hydra or reminding one of the Zrypanorhynoha. And, 
a3 will be presently seen, the latter comparison is a very apt one. 
Pach proboscis consists of a permanently protruded base or atump , 
indioated in Fig. 11, about 35p in iangths and 45-55, in diameter, 
somewhat conical in shape and thickly set vith minute backwardly 
direoted cuticular spines which pass on to the neighboring portions 
of the end of the larva for a short distinee, thru which passes the 
proboscis proper with about the same diameter. The whole forms at 
first sight a continuous tentacle gradualiy diminishing in sine to 
the pointed end. These tentacles attain a length of 0.35mm., in- 
cluding the base, when fully evaginated and are dircoted almost at 
right angles to the longitudinal axis of the larva, their Wea being 
however, turned slizhtly forward (Fig. 11). Within the scolex the 
tentacles are accommodated in elongated oylindrical muscular saos, 
quite comparable in structure to the bulbs of the Trypanorhynoha. 
These lie freely in the loose parenchymatous tissue in the diagonal 
diameters of the region. When the probogoides are invaginated, 


they have a length of 0.45mm. with a diameter of 0.07, or 0.40 x 
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0.06mi. when the tentacles are protruded. The walle of the 

bulb (Fig. 17) are composed to two thick layera of muscles, an 
outer longitudinal or somewhat oblique, much the heavier of the 
two, and an inner circular lined, lined with a cutinula-like 
_deyer, on the inner border of which numerous flattened nuclel 
appear. The walle are attached to the edge of the stump, and 
these layers have the same relative arrangement as that of the 
cuticula and cuticular muscles on the outside of the body, only 
being in the reverse order. Continuous also with the edge of the 
stump are the walle of the probosois proper, which consist of a 
thin external layer of cuticula and only feeble cuticular muscles, 
Attached to the walle internally thruovt its courae are the retrac- 
tor uuscles of the probesceie which pass backward and beoome at- 
tached to the posterior end of the bulb. -fhese oan be acen best 
in longitudinal seotions where the rroboacia is retracted, for 
shen they are closely crowded and much thicker, and their attach- 
ment to the inner end of the proboscis is shown nicely. In the 
retracted condition the latter i$, of sourse, hollow, the narrow 
cavity, often triradiate in transection (Pig. 17), being sasily 
followed into the bulb for about one-third of ites length. Closely 
applied to the euticula of the tip of the proboscis appear in some 
eases gland-like eells taking the oounterstain quite like those 
behind the bulbs to be deseribed below, They are shown in Fig. 17. 
Apart from the structures already desoribed, the contents of the 
bulbs amd consequently of the proboscides to a certain extent, 
Consists of a small amount of loose parenchymatous tissue, and what 


ia evidently e@ good desl of nervous tissue coming into the posterior 
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end of the organ (vide infra). 

Evagination of the probosoides 13 obviously brought about 
by the contraction of the muscles in the walls of the bulbs, but 
the body wall in the vicinity of the latter probably greatly 
@esists, since its muscolature is well develored. Some ilistance 
behind the posterior ends of the bulbs the latter sonsists of a 
Ting-iike layer of loosely srranged mein longitudinal fibres 
occupying the middle one-third of the radius of th: nearly circular 
eross-seotion, no transverse fibres, but sompsratively strong 
cutioular muscles, of which the dinner longitudinel layer is the more 
Pronounced. Farther forward this main longitudinal group eekeusiiy 
gives off small fibres towards the cuticula as they themselves 
diminish in number and size, until at the level of the hinder ends 
ef the bulbs only a few of the latter fibres are left just beneath 
the subcuticula, while the outer series hae formed 2 compact layer 
situated close to the longitudinal outiowlar fibres (ané hence 
Outside of the subcuticular nuclei) but separated from them by a 
thin stratum of circular fibres. And this continues to the tip of 
the scolex, most of the remaining inner longitudinal muscles being 
located at the ends of the transverse and dorsoventral diameters of 
the transection. ge in region of the bulbs the body wail isa 
thus quite muscular, and in all probability assists the bulbs in 
evaginating the proboseides by compressing the whole of the paren- 
chyma surrounding them. Between the bulbs and right beneath the 
tipof the scolex a few tranaverse and sagittal fibres are to be 
found, while gust beneath the bases of the stumps of the proboscides 
the outer longitudinal muscles untté with the longitudinal outioular 
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fibres in formm, ~~-shaped loops surrounding the diagonal quadrants 
of the scolex which accommodate the bulbs. These loops are evi- 
dently for the control of the direction of the proboscis stumps. 

In working up the original description of this species the 
writer was at a loss to see how the formation of proglottides 
could take place continuously since there was considerable evidence 
to show that only a limited and more or less definite number of 
segments were present. Concerning the anterior and externally 
segmented region of the strobila he said: "In many chains this 
region of the atrovila isa subject to considerable variation. It 
was observed that now and then one of the longest proglottides 
was provided with one or two additional pairs of appendages, 
generally abortine and situated anteriorly some distance apart. 
In a few oases staining and clearing brought out a distinct divi- 
gion of the parenchyma, especially posteriorly, in to what seems 
to be the beginnings of a division of the longer progloétis into 
several smaller ones. Furthermore in one strobila an undivided 
region was intercalated between two jointed regions, the second of 
which was followed by the normal posterior end. Young scolices 
are shown in Figs. 5 and 6. (In this connection note evidence 
given below under the exeretory system that the latter are incom- 
plete). Although the foregoing facts point to possibly occasional 
augmentation in the number of proglottides in this region in adult 
worms, the usual appearances are as described below." And further 
it wae noted that not only do the aurioular appendages of the 
posterior ends of the proglottides disappear at about the same 
place, namely at about the 23rd or 24th segment, but that "there is 
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a more or less definite point in the strobila, at or about the 
iSth progliottis, ahead of which the genital organs do not seem to 
develop and behind which in older strobilas they appear very 
guickiy.* Both of these facts pointed in the opinion of the 
writer to a more or leas definite and predetermined nukber of seg- 
dente. Now the matter is cleared up considerably by the discovery 
that segmentation in this species is carried on after an entirely 
novel plan, involving the formation not only of new segments but 
whole chains of them or, in fact, strobilas from the original 
larval or primary strobila, as the writer will oall it. 

The original larva (Fig. 10), quite comparable to the 
bothriocephalid plerocercoid, excepting for the perouliar scolex, 
gradually elongates with growth, until between a length of 4 and 
Smm . the first traces of segmentation apresr in the hinder ends of 
cleared specimens as feeble aggregations of nuclei forming faint 
dark lines at regular intervals. In one specimen 4.8mm. in 
length five of these could be made out by close scrutiny, the 
second last of whichiwas 0.37mm. in length by 0.20 in diameter, the 
last one being slightly lérger and rounded posteriorly. These 
primary segments elongate with the growth of the strobila while 
the constriotions between them gradually deepen as their anterior 
@nd posterior ends enlarge slightly, the former relatively faster 
‘than the latter, when a total length of strobila of about 10mm, 
is reached the hindermost segment, itself now about 1.5mm. in 
length, begins to show faint transverse lines in its anterior end, 
decreasing in intensity from ahead backwards. These are the 


earliest traces of the divisions of the primary segments into the 
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secondary segments or definitive joints of the anterior ends of the 
adult strobilas. In other words the original or primary larva, 
plerocercoid or strobila divides up into secondary strobilas which 
eventually separate from each other and grow into the adult chains 
as described for the species. But long before separation takes 
place the enttre development of the anterior segmenta with their 
gharacteristic posterior aurioular appendages and the formation in 
partioular of the first segment oan be followed with a considerable 
degree of satisfaction in these primary strobilas (Fig. 13). 
Whereas the writer originally (1914b : 823, figs. 5 and 6, Pl. V) 
drew attention to young scolices with only 5 to 8 segments, he 
found in connection with the present study that the latter number, 
about 8 in external view or 16 or 17 in cleared specimens, is that 
developed by the secondary atrobilas before detachment from the 
original chain. The smaller strobilas are now looked upon as having 
been prematurely and accidentally separated from the posterior end 
of the original or primary strobila. The attachment soon becomes 
very slight owing to the rapid deepening of the construction ahead 
of the first segment, and some time before the auricular appendages 
of the latter are fully delimited posteriorly, very little manipula- 
tion of even alcoholic specimens, let alone cleaned ones, suffices 
to break up the chain. The writer, however, succeeded in finiing in 
the material at hand one primary strobila, 88mm. in length, showing 
twenty secondary strobilas including the undifferentiated anterior 
segments from which they are developed. Furthremore, the last two 
of these, 10.4 and 11.5mm. in length, showed in their posterior un- 
segmented portions the earliest traces of the rudiments of the re- 


productive organs. As has been already 
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intimated, the anterior segments form within the secondary or 
definitive strobilas by a gradual demarcation from ahead backwards, 
first internally in the parenchyma, actually as transverse layers 
of nuclei (Fie. 12) which will eventually form the posterior auri- 
culate appendages, and then externally as shown in the ficure. 

A continued search for evidence in connection with the 
question of whether or not there is a definite number of segments, 
external and genital combined, brought out further interesténag 
facts. The number was counted in several young strobilas evi- 
Gently not long separated from the primary strobiia with the 
following results in the case of four typical specimens: (1) 
Length, 19mm., number of segments, 45; (3) 37mm., 29 or 30; (3) 
26.5mm., 30 (the posterior ones here ripe as in the next specimen); 
(4) 4lmm., 32 segments. It would seem from these data that there 
is a more or less definite number of segments, which might be con- 
sidered to be about 30, But in No. 3, segments 9, 10, and 12 
were much elonzated and show the earliest traces of further sub- 
division; while in No. 4 segments 10, 11 and 13 are likewise elong- 
ated and show not only similar traces of subdivision but particu- 
lerly in the llth early stages in the same formation of secondary 
atrobilas a@desoribed above for the primary strobila in ite 
posterior end! Similar elongated segments in other strobilas 
show this condition near their middles instead of posteriorly; so 
that here we have « tertiary subdivision which must be considered 
&e@ by no means as regular as the secondary subdivision of the 
original primary segments. These facts explain, then, the aberrant 
nature of the strobila in thie region, noted formerly by the writer 
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(vide supra), and the presence in material of chains showing 
anteriorly very young segments similar to those fomacd in the 
oldest attached secondary strobilas but posteriorly much oldar 
segments with well developed auricles and farther baok the typical 
mature proglottides of the ordinary strobila. Conse jyuently we 
must consider that there is not a definite number of segmenta 
formed but that further, irregular and evidently indefinite sub- 
division, resulting. in the formation of on inconstant number, 

takea place chiefly in the middle portion of the anterior segmen- 
ted region of what now muet be oslled the secondary strobila, 

Ag to where all of this development takes place the 

writer has not come to any definite conglusions, knowing as yet 
practically nothing of the life-history of the species, for, 

altho all stages may be found in the intestines of Amia galva, 

gome of it may take place in the intermediate host. In a few cas- 
€3 primary strobilas showing three or more well developed secondary 
strobilas were found tightly coiled and surrounded by material 
Whioh may have been from the intermediate host, whatever that is. 
At any rete it wes of too firm a consisteney to be merely coagulated 
mucQusa from the host's intestine. 

On therother hand, this method of segmentation will now 
explain some facts in conneotion with the nervous sndeexoretory 
systema that were previously considered very unique,to say the 
least. 

In primary strobilas, even the youngest (Fig. 10) the 
exoretory system consists, as in the adult, of a larger median 


vessel and two lateral vessels which run backward and white in 
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She posterior end to form a sleume from which very many small 
Yeasels pass to the exterior by prominent foramina secondaria 
pieroing the outioula, muoh as desoribed by Fraipont (1881 ; il, 
Fig. 7, Pl. II) for Bothriocephaius scorpii. In the youngest 
larva, that shown in Fig. 10, only the median vesgel, which be- 
gomes greatly reduced in diameter about twice the length of the 
bulbs from the anterior end, is present in the scolex. It forms a 
simple plexus among the bulbs anteriorly. In primary strobilas, 
however, in which segmentation haa gotten well under way, ali three 
vessels are guite prominent even in good toto preparations, and 
pass close to each other as well as to the chief nerve strands, 
through the constrictions between the developing secondary strobi- 
las, where the median vessel is somewhat enlargeé. As they near the 
anterior end of the worm they give off numerous branches of their 
own calibre, and when they mest the large ganglionic masses, 
desoribed below, diverge as four vessels (two on each side) und 
continue lateral to the bulbs to the tip of the scolex. Here, 
after forming an open plexus among the anterior ends of the former, 
they unite in a single median frontal loop. As the constrictions 
between the secondary strobilae deepen all three vessels likewise 
become graduslly constricted until eventualiy they are cut off, 

and the adult conditions ars subsequently developed by a process 

of turning in of both severed ends. And sinoe the medien vessel 
wae considerably enlarged at the region of constriction, it remains 
thus in the hinder end of the aduit strobila, as well as in the 
first segment (former scolex) as described and figured elsewhere 


by the writer (1914b : 93-95, Figs. 12, 37), while in the latter 
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it is joined by the lateral vessels to form the characteristic 
terminal vesicle. 

The nervoous system of the primary strobila consists of the 
two chief nerve strands passing thruovt the segments, 2 quite 
irregular commissure connecting them anteriorly, and 2 very large 
ganglionio masse, situated some distanoe posterior to the proboscis 
bulbs. The chief nerve strands, which the quite indistinct «t 
Gifferent levels but constantly located in the median frontal 
plane, diverge a3 they meet the ganglionic wass in passing forward, 
and consequently opposite the bulbs come to lie close to the sub- 
outioula laterally (Fic. 15). About 0.3mm. from the tip of the 
scolex they are united by a very irregular but comparatively large 
transverse commissur,from which large trunks pass to the neighbor- 
ing bulbs both forward and backward. This commissure was found 
to be present wholly or in part in about 13 seotions of an by 
transverse series, hence its length or longitudinal diameter is 
about 0.10mu., while its maximum depth between the lateral pairs of 
probescides is about 40 fr « Large branches are given off anteriad 
to the lateral walis of the bulbs and oaudad to the central walls. 
In the latter case a large btaneh was found to leave the median 
portion of the commissure, which is incidentally freely pierced 
with exoretory vessels, on each surface and shortiy divide: into 
two, each supplying the oentral walla of one of the frontal pairs 
of bulbs dorsally or ventrally (Fig. 15). The anterior branches 
likewise arise in a common trunk on each side, which is in reality 
the continuation of the lateral ganglionic enlargements of the 
commissure, but they supply the outside wall of the lateral pairs 
of 
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of bulbs. Imbedded in the commissure were seen numerous nuclei 
vhioh, on account of their larger aize than the neighboring paren- 
chymatous nuclei, were interpreted as ganglionic or nervous in 
their nature. Numerous among the posterior ends of the bulbs and 
extending far from 0.8 to 0.9mm. backward beyond them (Fig. 11) 
there is present a large mass of large nucleated cells which in 
t¥ansverse seotions (Fig. 16) are seen to oocupy the whole of the 
meiu@lla({and about the whole of the section) excepting for the ex- 
oretory vessels. These cells are roughly spherical in shape and 
have @ maximum diameter of 25» , their nuclei being Sp. On 
account of their finely granular consistenoy and their taking the 
orange -S counterstain quite as does the gaterior nerve comuissure 
they were interpreted as being ganglionic oells. And this vicw 
*ag supported on closer study by the discovery that they are not 
only united laterally with the chief nerve strands (Fig. 16), 
which can scarcely be distinguished from them at various levels, 
but with each other thru 2 complicated plexus of fine longitudinal 
strands which pass forward towards the buibs and form sround their 
bases an almést solid mass of fibrils (Pic, 11). From this mass 
jarge strands from 10 to 15 in diameter pass into the bases of 
the bulbs, one for each, and are distributed among the retractor 
muscles of the proboscis which they evidently supply. In the 
youngest primary strobilas, but not in the older ones, this mas 
of fibrils at the bases of the bulbs evidently connects forwards 
be a few strands with the commissure. 

Just as the definitive form of the anterior and posterior 
ends of the exeretory system isa explained by the separation of the 
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secondary strobilas and the subsequent healing over of the cut 
enda, so is that of the nervfous system, partioulerly anteriorly. 
In the original description the writer (1914b : 93) sadd that: 
"The nervoous system consists of a nerve-ring situated immediately 
beneath the tip of the secolex and covering the median exeretory 
vesicle like a cap, and the two ohiecf nefve strands passing baok 
from it through the whole of the strobila. The former is a com- 
paratively weakly developed structure (Pig. 11), elliptical in 
transverse seation, with diameters of 60 and 40»." As was shown 
in Fig. 11, the nerve-ring is drawn out forward into a point which 
is direotly opposite a small conical pit in the tip of the “sacolex’, 
facta which formerly secmed rather strange to the writer in com- 
parison with contitions in other vothriocephalidsa. Now they, a9 
well as the relatively small size of the nerve-ring, are explained 
by the contraction of the frec end of the "scolex" after separation 
ang the growing togethcr of the ends of the nerve strands with 
subsequent differentiation into the nerve-ring. The close associa- 
tion of the nerve-ring and the terminal exeretory vesicle is also 
quite comprehensible in the light of this method of development, 
for, since the nerve strands are situated close cutside the lateral 
exoretory vessels at the constrictions, they simply turn in towards 
the median line and unite immediately ahead of the junction of the 
latter with the median vessel. 

As will be gathered from the foregoing description there 
is a most remarkable resemblance between the soolex of H. globuli- 
forme and that of the Trypanorhynoha not only in the structure of 


the proboseides but also in the presence of the large masa of 
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ganglion celia associated with them posteriorly. Each probosois 
consists of three parts: (1) a hollow tentacle, capable of evagina- 
tion, (2) a short, permanently protr$@ed stump,armed with thickly 
set minute cuticular spincs, end (3) a comparatively elongated bulb; 
of which (1) and (2) may be compared respeotively with the proboscis 
und the bulb of Tetrarhychus or Rhynchebothrius. The probosois, 
G&litho not provided with any kind of armature, is nevertheless 
supplied with a group of well developed retractor muscles which is 
évidentlysenalogous in function to the single retraoter muscle of 
the Trypanorhyncha. The bulb is not only provided with a muscula- 
ture arranged so as to dminish of coutraction the volume of the 
Organ but is also line with an epithelium like layer comparable to 
that of the members of the latter group. But since the bulb sxtends 
to the point of exit of the proboscis, there ig no part strictly 
analogous to the proboscis -- sheath of Tetrarhynchus, altho the 
stump would st first sight scem to be such. Furthermore, the oeils 
forming the large mass behind the bulbs in Haplobothrium, which are 
here interpreted as ganglicnio cells, bear not a little resemblance 
to those described by Braun (1896 : 1294) after Pintner (1880), 
Leng (1861) and Niemieo (13880) as associated with the bulbs of 
Tetrarhynobus longicollig (v. Ben) (= Dibothriorhycnus ruficollis 
Monticelli) and considered by some to be ganglion cells and by 
Others myoblasts. The distribution of the large nerve trunks 
arising from the nerve comkissure is 4lso somewhat suggestive of 
conditions in a few of the tetrarhynchids (of. Braun} 1896 : 1293- 
94). 

While the writer ia not prepared to go further into this 
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comparison he would like to emphasixe the significance of the 
layers composing the welle of the bulbs in H. globuliforme in 
connection with the possible origin’: of these most aberrant struc- 
tures. In discuesing the homologies of the proboscidee of the 
frypanorhyncha Benhem in Lankester's "Treatise on Zodlogy" (p. 127) 
said that, "It appears more probable (Pintner) thet each proboscis 
nae been developed by the deepening and modification of an ‘accea- 
sory sucker! of some Tetraphyllidean, ae its relation to the 
bothridia, and ites mode of development, closely agree with these 
structures. Functionally, too, it is a perfection of the armature 
ice the accessory sucker of three forms (Acanthocephala, Nemertini 
end Taenioids}; whilst there is no doubt that the 'phyliidea’ of 
the two orders are identical.” The fact that here the walls of 
the bulb, since they are composed of an outer layer of longitudinal 
muscles, & middle layer of circular fibres and an inner outicular 
layer, are not only quite comparable but dircetly continuous with 
the cutioula and cuticular muscles of the body wall and in the 
reverse order, would seem to leni support to Pintner{a view. for 
simple invagination of the external layers of the body wail in 
development would account for thess structures, while the proboscis 
with its retractor muscles might well be formed by the modification 
of the external layers of an "accessory sucker", The writer has, 
however, no facts to support this theory since in the earliest 
primary atrobilas or plerocercoids met with the proboscides were 
already well developed. 
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Subfamily 3. CYATHOCEPHALINAE Buehe, 1899, e.p. 


Scolex unarmed, not longer than broad, with two surficial 
sucking grooves, more or less fused with oneanother or one terminal 
one of a sucker-like structure. Txternal segmentation little ex- 
pressed or quite absent. Genital organs in each segment simple. 
Geni tal Openings surficial median. Vagina and uterus open into a 
common vestibule, -- in young proglottides near onehnother, -- 
lying behind the male opening and similar to the genital atrium of 
other ceatodes, which may be surrounded by a sphincter like musou- 
lature. The genital openings of the differant segments do not open 
on the same surface of the worm, but alternate irregularly, being 
sometimes on the one surface and sometimes on the other. Uterus 
a colled canal without uterus-sac. 

Sexually mature in the intestines of fishes. 
Type genus: Cyathocephalus Kessler 


The above is Luehe'’s (1910 : 23) diagnosis modified to 
read "may be surrounded, etc." instead of "1a surrounded, etc." 
in connection with the genital sphincter, since inthe species 


described below no such structure was found. 


Genus 1. Cyathocephalus Kessler, 1868. , 


Taenia (part) Pallas 1781 3: 40. 
Taenia (part.) Botseh 1786 3 72,207. 
Eohinorhychus (part.) Zeder 1803 : 391. 
Cephalocotyleum Diesing 1850 : 617. 


GAthocephalus Keasler 1868 : 135 
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Gkthooephalua Grimm 1871 : 502. 


> Wonshothrium " ® 3 504. 
Aorohothrium Olsson 1872 3: 40 

! Cyathoosphalns Zechokke 1884 : 37 

4 r | Loennberg 1889 : 42 

3 " Kraemer 18°23 : 648 

4 " Olesen 1893 : 14 

; " Luehe 1889 ¢ 53 

4 * Braun 12900a : 1697 

4 . Luehe 1900 : 12 

i) " Luehe 1910 ; 22 


Generic diagnosis: Soolex a single, undivided terminal 
sucking organ, which in its form and atructure no longer shows an 
origin from two fused surficial bothria. External segmentation 
only slightly indicated. Sphinoter surrounding the female genital 
cloaca apparently little developed. 

Occurrence: In Teleosts. 


Type species: Cyathocephalus truncatus (Pallas, 1781) 


Cyathocephalus americanus sp.nov. 
? 1897 Cyathocephalus truncatus Linton, 1897 : 4328-29, 


Specific diagnosis: With the characters of the genus. 
Small cestodesa, up to a length of at least llmm. with a maximum 
Breadth of l.lmm. Scolex funnel-shaped, 0.3-0.5mm. lomg and 0,5- 
0.7 broad, with revolute edges, Neck 1.0-1.3mm. in length. Seg- 


ments twice as broad aa long, terminal one rounded. 
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Cutioula Sp in thickness, with no hooks nor spines} 
gubouticula 25 to 40p . | 

10 to 13 seta of genitalia, beginning 1.5 to 2.0mm. from 
the anterior end. Strong tendency for the reproductive apertures 
to lie all on one surface of the strobila. Vagim,opens behind 
uterus. Neither papillae nor sphincters around the genital 
openings. 

Testes in two laterial ficlds in the medulis of the an- 
terior portion of the proglottis, 60m in diameter. Coiled vas 
deferens anterodorsal to oirrus-sao; no seminal vesicle before 
éatering cirrus-sac nor connective tissue sack aurrounding the 
whole duct. Protruded cirrus 0.3mm. in length by 0.12 in diameter 
at base. Cirrus-sac ovoid in shape 0.20-0.33mm. in length by 
0.17 in diameter; no retractorsa connecting it with the dorsal body 
wall; large mass of glandular pigmented cells surrounding it 
dorsally and laterally. 

Vagina 1S wh in diameter; no sheath near its opening; re- 
eeptaculum seminis 75M Spermiduct very short and narrow, 25 and 
Sy reapectively. Ovary tubulolobular, fan-shaped; wines extending 
dorsally and laterally around the ventral genital ducts; isthmus 
prominent, 0.18 x 0.10mm.; ova in same 13-15p in diameter. 0o- 
capt aS p in diamster. Vitelline follicles continuous from pro- 
glottis to proglottis, forming a layer 70 thick in the cortical 
parenchyma, 20 to 35 in transections. Sheil-giand dorsal, 
voluminous. No muscular sack surrounding the uterine rosette. 

Eggs, 40 x 304u. 

Habitat; In stomach, pylorio coeca and intestine of the 


host. 
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Host , Locality Colicotor Authority 
Coregonus clupeiformis Outer Id., J. W. Milner Linton, 1897b : 
L.Superior 439. 
. ® Off Giant's Cooper Sooper, (the 
Tomb Id., present paper} 


Georgian Bay 


Type specimen : No. 165A, ¢. As Ra Os 
Co-type : No. 165B, ¢. U. Ili. 
Type locality : Georgian Bay, Lake Huron, off Giant's 
Tomb Island, 

Altho the species described here is closely related to 
G. truncatus of Europe and evidently the same form waa reported 
as guch by Linton (1897 : 428) from the same host in whieh it waa 
found by the writer, it presents so many differences, even barring 
some probable errors by Kraemer (1893), from that species that it 
is here considered to be new. 

As shown in the appended table where the largeat. specimens 
at hand are dealt with, this species is considerably smaller than 
the Ruropean species which ranges from 6 to 40mm. in length by 
1.5-4 in width. Linton gave these measurements as 7 and 1.2mm. 

The general shape of the body, however, 43 the game ag are 
the proportions of the scolex and proglottides. The border of the 
infundilobiform scolex (Fig. 18) is thickened and almost constantly 
rolied backward somewhat as in the figures given by Zschokke 
(18842, Fig. 9) and Kraemer (1893, Fic. 5), the funnel being about 
0.22mm. in depth and usually filled with a plug of mucous membrane 
from the host's alimentary tract. The posterior limita of the 


scolex are diffioult to define since the organ gradually narrows 
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down and then as gradually enlarges again to form the neok. The 
latter was considered to include that portion of the anterior end 
of the worm between the narrowest region behind the scolex and the 
first vitelline follicles which are situated some distance ahead 
of the first oirrus-sac. The maximum breadth of the strobila is 
at the posterior end of either the first third or one haif. The 





segments are, as desoribed by various writers for ¢. truncatus, 
about twice as broad as long, the last one, however, being rounded 
posteriorly and provided with a notch in the middle which accommo- 
dates the exit of the excretory veoteie. They are, furthermore, 
Glosely united’, aa pointed out by Linton (1897 : 439) when he 

gaid that, "The bodies of these specimens appear to be unsegmented, 
or, at least, with only very faint indication of division into 
segments.” As a matter of fact numerous transverse wrinkles pre- 
sent in most specimens make it almost impossible without the 
external evidences of the inner genitalia toiistinguish the limits 
of the proglottides. And in thia reapeot they agree with @. 
truncatus, since Zschokke (1384 : 38) said concerning the segments: 
"Tig sont solidement fixds les uns aux autres, leurs limites sont 
44 ffioilement visibles." The following table gives the measure- 


ments of four of the largest specimens: 
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Number 165.4 165.5 43.1 165.1 

Length 10mm. Summ. lim, 7.5mm. 
Maximum breadth 1.02 0.88 1,13 1,05 
Length of neok 1.48 1.00 %.48 1.8 
Breadth scolex, tip 0.55 0.53 0.74 0.64 
° ’ , base 0.37 0.48 0.55 9.30 
Length of scolex 0.42 0.33 0.61 9.50 
Number of sets genitalia 13 i2 13 id 


First cirrus from ant. end 1.85 1.66 8.28 2.Q1 


Remarks Toto Toto Toto Seotioned 


The cutioula is 5» in thickness over the scolex as well | 
ag on the segments and divided into two layers, the outer of which 
is about one-half as thick as the inner and more or lesa irregular 
in structure. In most places, in fact, it was found partially 
or wholly separated from the Saner and more homogeneous layer and 
in guch a manner aa to present a distinetly wavy appearance. 
However, no auch chitinous hooks as described by Kraemer (1892 : 
10) for thooutiocula of the lateral borders were seen, but the whole 
tissue is freely pierced with numerous foramina secundaria of the 
exeretory system which in C. truncatus Kraemer considered to be 
the points of entrance of nutriment. The thickness of the cuti- 
Qula, according to the same author, is 194 , an outer irregular 
layer being 5, and showing a sort of eodysis ("Hautungsprovess"). 
This, however, may be simply the separation of the outer layer of 
the cutioula from the inner as mentioned here, since hesaid "Diese 


Auffassung wird dadureh erhirtet, dass sich an einigen Stelien 
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dieser Belag nicht findet, dafir eine yunge homogene Cuticula," 
the latter being then the inner homogeneous layer. At any rate 
it is quite evident that the outicula of C. trungatus is a much 
thicker tissue than that of the form described here, -- and no 

one else than Kraemer seema to have described it. 

The subouticula varies in thickness from 25 to 40p , being 
thus quite comparable to that of ¢. truncatus in which it is 38u. 
The elongated, quite columnar cells of the same were found to be 
5p in diameter, as were their comparatively larce nuclei, the 
respective measurements by Kraemer being 19 and GH. - 

On account of the fact that the material studied waa not 
@@ wall fixed ae the writer would like to have had it, the paren- 
chyma and likewise the caloareous bodies were quite unsatisfactory 
from an anatomical atandpoint. ' The spaces whioh were considered 
to have accommodated the latter, before they were dissolved out 
during fixation, -- and in some of them the nuclei of the bodies 
were still visible, -- were in general ellipsoidal to almost a 
apherical in shape and from 13 to 325m in length by 7-13 in width. 
According to Linton they are 10-20 long, while Zschokke gave 
them as from 8-10» , and Kraemer, 30 x 18p. 

In general the musculature ie as deseribed by Kraemer, but 
all the groups are eeaperethecis weakly developed (Fig. 19), the 
longitudinal layer, for instance, being only 20, in thickness in 
the median line posteriorly and about 60, in the neck region 
(76 in ¢. truncatus) where the dorsoventral and transverse fibres 
are also much stronger than elsewhere.. In the anterior part of 


the neck, particularly immediately behind the soolex, the fibres 
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of the $wo latter series are much stronger, altho isss numerous 
than farther back. As they pass the posterior end of the funnel 
they become circularly disposed, longitudinally 2s well as trans- 
versely, and from there on to the tip of the scolex gradually more 
mumerous close around the funnel of the organ, for the control of 
which they obviously act as constrictors. Antagonizing these are 
numerous weaker radial fibres, arranged as in C. oatenatus 
Riggenbach (= Diplocotyle Rudolphii Mont. -- Luehe 1902%a : 320) 
where they were considered (Riggenbach, 1898 : 639) to be derived 
from the longitudinal muscles with which they are continuous at 
the base of the scolex. Altho they mingle freely, yet quite 
separately, among the latter, thextriter is inclined to the same 
view regarding their homologies in C. americanus, since it is quite 
evident that the dorsoventral and transverse fibres, which might 
otherwise be considered to give rise to them become modified to 
form the circular muscles of the soolex, And this view 4S further 
supported by the fect that only a very few of the longitudinal 
muscles of the neck pass for a short distance beyond the bottom 
of the funnel, but most of them are inserted in the latter, thus 
functioning with the radial fibres in enlarging the organ of adhe- 
Sion, As pointed out by Riggenbach these radisl muscles are 


apparently absent from C. truncatus ; they were not deseribed by 





Yraemer,but the enlargement of the funnel was considered to be 

accomplished by the contraction of the dorsoventral fibres (ef. his 
Fig. 1). The outermost layer of circular and longitudinal muscles 
in the scolex, which are merely extensions of the outioular muscles 


of the neck region, are not nearly so strongly developed here as in 
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C. trunesatus, so far as the writer can gather from a comparison of 
the material studied with Kraemer's description. There is, however, 
in the neok region, particularly in its anterior portion, a series 
of outer longitudinal museles which, while situated in transections 
among the outer clear ende of the subcuticular celis and very close 
to the longitudinal otti oular fibres, are nevertheless quité dis- 
tinet from the latter. At the tase of the seolex they pass in- 
wardly between the cells of the subouticula and continue farther 
towards the anterior border of the funnel than do the inner longi- 
tudinal fibres. Posteriorly they diminish considerably in number 
but may readily be seen in the mature proglottides. 

_-‘The nervious system is arranged in general ss in ¢. trunca- 
tus, but the longitudinal trunks are only 326, thick by 13 wide 
(0.345mm. according to Kraemer). They are som*oely enlarged 
anteriorly to form ganglia, as shown in Kraemer's Fig. 5, but are 
each divided into two distinet dorsoventrsl halves qhich gradually 
diverge as they pass on into the walls of the funnel to form four 
large nerves. No single transverse commissure connecting the main 
trunks behind the oabity of the scolex was seen but rather a number 
of fige cross-connections which were not made out satisfactorily. 

On account of the poor preservation of the parenchymatous 
ground tissue of the material studied the excretory system was not 
- brought out in s*otions to the writer's satisfaction. All that oan 
be said in this connection is that there ig an inconstant number of 
jongitudinal vessels in transection, evidently more than the six 
of C. truncatus, which dqnot occupy definite positions but an2asto- 


mose freely with each other especially in the lateral portions of 
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the medulla. In the scolex these vessels are smaller and the 
anastomoses are much more numerous, while posteriorly at least 

two pass into a quite irregularly shaped terminal vesicle, which 
howefer in the light of Wolf's (1906) finds cannot be considered 

to be a true terminal excretory vesicle. Ags above stated, 
foramina secundaria are quite numerous in the outicula. 

fs The reproductive organs appear quite close behind the neck, 
the vitelline follicles being situated from 1.3 to 2.3mm. from the 
anterior border of the soolex, and the first cirrus-sacs from 1.6 
to2.2mn. From 10 to 13 sets of genitalia were observed foo this 
apoctos. These follow each other closely and are not separated by 
any septa or other boundaries, the vitelline follicles being, in 
fact, strictly continuous from proglottisa to proglottia. The open- 
thee-of the oirrus-sacs vary from 0.45 to 0.75mm. apart, but, as 
pointed out by Kraemer, these measurements are of littie diagnostic 
Value on account of the different states of contraction. As in 

c, truncatus the reproductive openings are all on one gurface of 
the progiottis but alternate as a unit inreguiarly from ons surface 
to the other, there being, however, a strong tendenoy for them to 
lie all on the one face of the strobila. This alternation 21s0 
involves the ovary, the isthmue of which is arbitrarily considered 
to be ventral. It usually lies on the same surface 13 the repro- 
ductive openings, 30 that when the latter passea to the opposite 
qurface it moves accordingly. This alternation of the openings 
has, of course, been known ever since Pallas descrided Taenia 
truncata in 1781, but, so far as the writer is aware, no one has 
dealt with the relations between the openings and the ovary noted 
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here. Concerning this matter Kraemer said only: "Das Verhalten, 
dass die Geschleochtsorgane alternirend dorsal-und ventral nach 
aussen munden, erinnert in gewiseer Bezichung an die alternierende 
marginalen Geschlechtsoffnungen verachiedener Fiseh- und Vogel 
taenien, und wurde bereits von der ersten Beobachten, Palles und 
Batsch erkannt, 4.h., sie hatten auf beiden Flachen die fortiavfen- 
de Reihe der 'Punkte' wahrgenommen, ohne sie indessen als Aus- 
mundungen der Sexualorgane zu deuten. Die nsveren Beobachter haben 
sammtlich dieses oben beschriesbene Verhalten ubersehen, und geben 
die Geschlechtsoffnungen als ventral gelegen an." But it shovld 
be mentioned here that whatever is the stimulus which, during the 
very early stages’ of development of the sets of genitalia from 

their nucleaw rudiments, causes the reversal of the whole proglottis 
it would seem to be such at tines as to fail to bring about the 
turning over of ali parts of the rudiment. As shown in Fig. 40, 
which ig a diagram of a sagittal series of seven proglottides in- 
cluding the endone, the cirrus and female genital cloaca of No. 3 
from the top have gone to the opposite surface while the ovarian 
isthmus, represented by the solid black diso in each segment, has 
remained on the same surface aa those in segments 1, 3 and 4 in 

the immediate neighborhood. Here the stimulus which brought about 
the unisurficiality of the latter may have influenced the ovarian 
portion of the common rudiment of No. 3 and caused it to lag behind, 
while the more peripheral rudiments of the cirrus, vagina and distal 
portions of the uterus were freer to move. This arrangement of 

the parts in the aberrant segment in question naturally caused con- 


siderable departures in the courses of the reproductive ducts from 
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the normal, as were observed. 

The genital openings were found to vary from 75 to 115 
apart, but, as pointed out by Kraemer, these data are of very | 
little specific value, The vagina and uterus open in a common 
genital senus or cloaca, but unlike conditions in the Ruropean 
species the vagina opens constantly behind the uterus and slightly 
to one side and not ahead of it. Furthermore, neither pabiliae 
nor sphincter suscles were found around either or beth genital 
openings in this species. The female genital cloaca, usually 
gituated at the bottom of a depression and often on @ low papilia, 
ranges from 30 to 60u in depth. In frontal sections it is seen 
to be in the form of a transverse slit about 60» in length, into 
the ends of which the vagina and uterus empty; that is, the vagina 
opens diagonally behind the uterus and usually to the right of it. 
It is lined by a direct continuation of the cutioula from the sur- 
face of the segment. The general habit of the reproductive organs 
is shown in Fie. 31 of a frontal section of a mature proglottis. 

The testes are situated in the meduQllary parenchyma in 
two fields lateral to the cirrus-sac, or more strictly speaking, 
in the lateral portions of the region between the cirrus~sao and 
the ovary of the proglottia ahead, since they extend forward to the 
latter and backward to the anterior ends of the wings of the ovary 
of the segment to which they belong. They are noteworthy on gocount 
of their clear appearance (Fig. 19), as in G. truncatus, very little 
contents having been seen in all of the sections made. While their 
shape is usually spherical or somewhat flattened enteroposteriorly 


according to the condition of contraction of the segment, their 
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maximum diameter was found to be about GOW. The coife of the 

vas deferens, altogether about 0.30mm. in diameter are socomnodated 
in the somewhat confined space dorsal and anterior to the cirrus- 
gac, extending to the ovary ahead (Fig. 21), Whereas Krasme: gave 
the diameter of the duct as 0.133mm. or about eight times ag much 
ae just before it enters the cirrus-sac, it was found to be only 
44p at the most in this species. Furthermore, it was not found 

to be enlarged to form a seminal vesicle close to the cirrus-sac, as 
shown in Kmaemer's Fig. 6 and 13, but to gradually diminish in 

ize until as it pierces the wall of the latter its diameter is 
only 10». Wor is the whole ves deférena enclosed in a connestive 
tisaue sack, such as described by Kraemer. Within the pouch it 
enlarges considerably to form a thin-walled inner seminal vesicles 
which is quite conspicuous in sections, situated foe the moat part 
nearer the proximal end of the former but often lying alongside the 
@irrus proper. It may attain a diameter of SO. even when empty, 
-- in none of the sections made was it found to contain epermatozoa, 
these having been probably extended at the moment of fixation. 

Then follows the ocirrua proper whioh is sharply separated from the 
geminal vesicle, since it protrudes backward into the latter with 

a diameter of 10 and for a distance of from 15 to 25. The 
Oirri were found protruded in most of the speoimens at hand, in 
which case they had a maximum length of 200m, diameter at the 
base, 120n, and at the tip ebout 40@. The thick cuticula cover- 
ing the organ is decidedly roughened or irregularly “oleft", ea- 
pecially towsrds the tip, but not provided with spines of any kind. 


Incidentally, sections show that the protrusion of the cirrus, on 
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decount eof its size, results in the eversion of almost the whole 
of the contents of the sac. The length of the cirrus within the 
bie is at least 1854, -- it is usually bent once in its proximal 
portion, -~- while ites diameter varies considerably. The layer of 
parenchymatous and myoblastic nuclei surrounding the cirrus within 
the sack is about 10 in thickness as compared with 5p in ¢. 
truncatus. In sections of the extended cirrus most of these 
nuoles appear in the tip of the organ surrounding a good deal of 
the outioula which still remaine invaginated; but they are in all 
probability myoblastic a3 are others farther back along the course 
of the retractor fibres. In frontal seotions the cirrus-920 is 
Giroular in outline (Fig. 21) with a maximum diameter of 175) , 
while in transverse and longitudinal sections‘ the depth ranges from 
200 to 2350, ©» the whole structure being somewhat ovoid in shape 
with ite slightly smaller end directed outwardly. Its wall is 
comparatively thin, 111 defined and composed of a somewhat loose 
network of muscular fibres running irregularly obliguely in 

ai1 directions, so that sections cut in any plane show them almost 
Gircularly arranged. With emission of the cirrus the wall is 
fairly difficult to locate, since its innermost fibres are not 
easily differentiated from the retractors of the oirrusa proper 
which bulk’: largely in the contents of the sac and since it is not 
provided with any dorsal trtractors connecting it with the dorsal 


body wall as described by Kraemer for ¢. truncatus. Forming a 





aort of gland closely applied to the wall of that part of the 
cirrus-sac within the medulla there is to be seen, even in toto 


preparations, a comparatively large mass of large darkly pigmented 
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polygonal cells (Fig. 21). In frontal sections they lie on each 
aide of the sac, not extending much beyond its anterior and pos- 
terior edges, the whole sttucture being thus shaped somewhat like 
@ saddle. Faeh cell is elongate in shape, provided with a well 
defined wall, prominent tho not éspeciaily large nucleus, and very 
granular and highly pigmented cytoplasm, the color of the pigment 
being dark brown, Altho they are very closely arranged around the 
wall of the cirrus-pouch and most of them are quite pointed towards 
the same, ‘their funotion is pretty much a matter of conjecture, 
unless perhaps they are the much modified myoblasts of the muscles 
of the walla of the pouch, which is suggested by the relations of 
the inner attenusted ends of some of them with the latter. Wo 
such cells have been described for the Turopean species, so far as 
the writer is aware; but here it must be emphasized that they are 
very conspicuous. 

From its opening which has been dealt. with above the 
vagina proceeds dorsally almost st right angles to the surface of 
the proglottis, and then within the medulla turns backward with a 
few coils to expand into a comparatively enormous reoeptaculum 
seminis which on account of its size, can searcely be distinguished 
from one of the coils of the uterue unless it igs traced out. At 
the turn in its course it bas a diameter of about 15y and ig lined 
with a continuation of the outioula of the female genital cloaca, 
Su in thickness and surrounded by a layer of gireular muscles. 

As it passes above the ovarian isthmus its cuticular lining gradu- 
ally diminishes in thickness so that the seminal receptacle is 
provided with a very thin layer only. While the latter may have a 
diameter of 754 slightly behind the isthmus of the ovary, it 
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narrows down very abruptly to a very small spermiduct, 8” in dia- 
meter and about 25,4 in length before joining the oviduct. In 
distinct contract with C. truncatus phere ia no "connective tissue 
and muscular sac" surrounding the nadianhon of the vagina as de- 
soribed by Kraemer, but only the usual masa of nucleu most of which 
are gubdcuticular in their nature. The ovary (Figs. 19, 21) isa 
tubulolobular organ, the limbs of which extend fanwise laterally 
and dorsally from the ventral isthmus anteriorly as far as the 
girrus-sac and dorsally thruout the whole of the medulla, thus 
surrounding the sentral connections of the cenital ducts and the 
@oils of the uterus (Pic. 21). The wings in whose irregularly 
shaped tubules young cva in various stages of development are to be 
seen, connect with the rounded isthmus by narrow portions quite as 
desoribed and ficured by Kraemer, altho he evidently erroneously 
e2lled the isthmus the “ooftyp." The latter in 0. americamis 

has a width of 9.18mn. ay & length of 0.10 as compared with the 





similar messurements of 0.19 and 0.07mm. in the oases of O. trun- 
Gatus. Ova from the isthmus measured from 13 to 15" in diameter, 
their nuclei 7-8 and their nucleioli 4, those of the latter species 
being 9-12, according to Grimm (1871) and 154 according to 
Kraemer who gave the diameter of their nuclei ae Oa. The oviduot 
begine with a rather short oocapt (Fig. 23), 26 in diameter, and 
proceeds for only a comparatively short distanee, with a diameter 
of from 15 to 20» , before being joined by the spermiduct. A 
little farther dorsally it is met by the vitelline duet which 

comes from the ventral portion of the medulla just ahead of the 
iethmus where it is formed by the union of a right and left duct as 
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in &. truncatus. Thruout its dorsoventral course it ia expanded 
with a vitelline reservoir which may reach a diameter of 40h, 
eapecially ventrally. Immediately outside of the longitudinal 
musoles the vitelline follicles form a compact layer about 70p 

in thickness (153 p in C. truncatus), continuous from proglottis to 
proglottis and broken only immedistely eround the reproductive 
openings. In frontal sections wheres they are cut tranversely their 
greatest diameters being at right angles to the surface of the pro- 
glottis, they range from 30 to 854. sinee they are usually some- 
what flattened anteroposteriorly. Their number in transverse sec- 
tione bexies from 2© to 35, 45 being given by Kraemer. From its 
point of origin to a short distance beyond the entrance of the 
vitelline duct, the ovident is lined with epithelial eells with 
prominent nuolei out indistinct boundaries, so that the whole is 
of the nature of a syncitium. But soon this epithelium becomes 
modified so that, as the duct continues sith a few coils to the 
opposite side of the proglottie, ite walls are quite thin yet 
clearly nucleate, Then es it further enlarges dorsally it becomes 
surrounded with the voluminous shell-glai@ which follows the tube 
thru a number of its coils (Figs. 19 and 21) even on to the begin- 
hing of the uterus, for in frontal ssotions about one half of the 
posterior half of the uterine rosette is surrounded by them (Fig. 
21). The cells composing the gland are comparatively short, stout 
and well defined, their nuclei large with the nucleoplaam quite 
@lear like the cytoplasm. Wo sheli-gladd such as deséribed by 
Yraemer was found in this species. Beyond this elongated ottype 


the duot continues as the uterus proper whioh has its largest coils, 
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up te a diameter of 0.10mm. or more when filled with eggs (0.03Gmm. 


in ¢. truncatus), just behind the cirrue-sac. Before reaching the 





opening, the position of which hes been stated above, the tube 
narrows down quickiy. Thruout its course it is lined with « much 
eitenuated epithelium, the nuclei of which, however, atand out 
prominently towards the lumen. In this species there ia no mus- 
cular sack surrounding the uterus, as dsseribed and figured by 
Kraemer. 

The largest eggs in the uterus not in & collepsed state, 
were found to be ellipsoidal in shape and 40 x 304 in size. Linton 
gave the size when preserved in acetic acid as 50 x Sey 3 while the 
measurements for 0. trunestus have been given as 95 x 76 » (Kraemer) 


and 44-51 x 33-56) (Luehe, 1910). Since most of the eggs seen in 





the uteri of the setions made were quite young, many of them not 
having gone thru the ‘iret cleavace as yet, the writer is of the 
opinion that the size of the egg of this species is probably the 


game ag that given by Luehe for ¢. truncatus in Europe. 





Alitho, so far ag the writer is aware no one has ag yet 
studied the early stages in the development of ¢. truncatus, Folf 
(1906) discovered that the intermediate host is Gammarus pelex 
ani that the transfer to the final hosts is a direot one. As re- 
gerds C. americanus the writer is unable to name the interme iiate 
host, but he is of the opinion that further work will in all pro- 
bability show that in Pontoporeis hoyi (Stimpson Mas.), at lesat 
in Georgian Bay where it is found in large numbers as practically 
the only food of Gorersonus glupeiformis in which the parasite was 
found (vide Huntsman, 1915 : 150). 
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Tn the above description it has been shown that this species 
differs from the well known C. truncatus of Furope in 2 great many 
points, but in none s0 radically as the following; The absence 
ef chitinous hooks on the cuticula» of the lateral borders; the 
presence of radial muscles in the walls of the scolex and of a 
number of fine nerve commissures connecting the chief nerve strands 
anteriorly instead of 2 single one; the vagina opening behind the 
uterus opening; the absence of papillae and sphineter euscles sur- 
Founding the genital openings; no enlargement of the vas deferenes 
to form a seminal vesicle just before entering the cirrus-pouch; 
no connective tissue sac surrounding the whole of the coiled vas 
deferens; the absence of dorsal retractor musoles of the cirrus-sac, 
ana the presence of the peculiar glands closely surrounding the 
game; no “connective tissue and muscular sac" surrounding the be~ 
ginning of the vagina; the very different central connections of the 
génital ducts as regards the ovarian iathmus (*ootyp" of Kraemer); 
and, lastly, the absence of any such "shell-gland" as described by 
the same author. Consequently the writer considers this the 
American form to be speaifically different from tho European form 
and propesss the name Oyathoosphalus americanus sp.nov. 

The material studied consisted of two lots, Nos. 43 and 165 
of the writer's solisotion from the stomachs of several specimens 
of Coregonus Biitupeiformis (Mitchell) from GeorgianBay, Lake Huron, 


28 listed above. 
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Subfamily 4. MARSIPOMETRINAE subfam.nov. 


Scolex with two teotent and fairly deep bothria and a 
terminal disc. External segmentation very distinct and regular. 
Opening of cirrus and vagina marginal, irregularly alternating; 
uterus-opening surficial, ventral, on the same level with the 
genitel cloaca or very slightly behind it. Only one set of seni- 
talia in each proglottis. Testes in meduglia between the nerve 
strands. Muscular vesioula seminalis outside of thégeirrus-sac 
absent. Receptacuium seminis large, sharply separated from the 
spermiduct. Ovary not exactiy in the median line but slightiy 
approaching the margin bearing the genital cloaca, ventral, aa is 
the sheli-gliand. Uterus in the form of a sac developed by the 
enlargement Sewerdly-of that portion of the g@iot passing thru the 
cortical parenchyma. Eggs without operecula,. 

Type genus :. Margipometra Cooper. 

The above characterization of the subfamily is the result 
of a comparison of M. hagtata with the existing subfamilies of the 
Diphyllobothriidae in none of which it could be located. As re- 
garie the general form of the scolex and the facts that the .enital 
cloaca is marginal and that @ vesicula seminalis is absent, it comes 
closeet to the Triaenophorinse; otherwise, however, it ia related 
to other subfamilies. External segmentation is distinot and very 
regular, a neck being present as in Diphyllobothrium and Bothridium 
gf the Diphyllobothriinae. The uterus-opening is on the same level 
with the genital cloaca, and not ahead of it as in the Triaeno- 
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phorinae. As in most of the subfamilies there ie only one set of 
genitalia in each proglottis., The testes are situated in the - 
medulla betveen the nerve strands ag in the Haplobothriinae. Une 
like the structure in the Trisenophorinae, the receptaculum seminis 
is large and sharply separated from itsgcontinuation, the sperut- 
duct, which also obtains foo the Ligulinac, Haplobothriinae, 
Diphylicbothriinae and CyathGocephalug. The ovary ia compsrable 
to that of Triaenophorus, Anchistrogephalus and Anonchocephalus 
(at. Luehe, 19028 : 325) in that it 16 not exactly in the medina 
iine but towards the margin bearing the genital cloaca. As in the 
Triaenophorinae, however, the uterus "nie die sogenannte Rosetten- 
form bildend, vor seiner Mindung meist etwas erweitert, ohne dase 
inéessen Giese Erweiterung verhaltnisemassig so betrachtlich ist, 
Wie dic sogennnnte Uterushohle der meiaten Ptychobothriiden," This 
latter differenge is further emphasized by the fact that at no 
stage in its development 12 the beginning of the uterus, which 
micht be considered at first sight to be « true uterine duct, 
sharply separated from the enlarged portion as in the Ptychobothri- 
idae, which has been discussed above. The outstanding feature that 
the eggs are nonopcreulate has been noted under the remarks on the 
family. 


Genug Marsipometra gen. nov. 


Generic diagnosis: Scolex unzrmed, sagittate. MNedk pre- 
sent, atrobila flat, ribbon-shaped; proglottijes almost rectangular, 
posterior borders only salightly projecting. Nerve strands far 


towards the margins, dorsal to the cirrus-sac and vagina. Testes 
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4{n two lateral ficids united ahead of and behind the uterus-s3ac 
and central genital ducts. Vas deferens much ocoiicd proximally, 
only weakly a0 close to the cirrus-sac. Reoeptaculum scminis very 
long. Ovary reniform, wings tubulolobular, isthmus thick. Shell 
giand not in the middle of the genital compiex but towards the 
G@loaca, ahead of the ovary. Vitelline follicles numerous not in 
two lateral ficlds but continugms from side to side in the anterior 
and posterior regions of the proglottis, situated among the body 
Muscles. Uterusesao pouched, occupying the whole of the medulla 
doraoventrally but not traneverscly. Uterus opening towards the 
Margin bearing the genital cloaca. -~- KAP mem ov, a little 
pouch; bare A , the uterus. 

Type species : Marsipometra hagtats (Linton). 


On account of the fact that there is only one specics 
known, the above generic characters have been arrived at by the 
writer much as in thdcase of Haplobothrium, with, of course, stiet 
attention inka comparative way to those of the genera of the Tri- 
¢enophorinas, The writer would iike to oali attention at this 
point to the great similarity between Marsipometra ond Hapiobo- 
Shrium in that each is found in an isolated genus of fishes, re- 
spectively Polyodon and Amia whieh in turn are relegateid to iso- 
lated familios and orders. As suggested previously bytthe writer 
(i9l4a : 4) in dealing with Haplobothrium, the unique and general- 
ized nature of these two genera. ia doubtless due to the great age 
a their respective hosts. On aocount of the fact that it has a 
typical bothriosephalid sacolex Marsipometra would scem to be the 
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younger of the two, for evidently a longer period of time must have 
deen resuired for the development of the peculiar trypanorhynchous 
scolem and method of segmentation of Haplobothrium, if, indecd, 


both are not due to extreme degeneration, comparatively speaking. 


Marsipometra hastata (Linton 
(Figs. 23-30.) 
1897 Dibothrium hastatum Linton 1897 : 431-33. 


1900 Bothriotacnia hestata Ariola 1900 : 440. 


Speoifie diagnosis: With the oharacters of the genus. 
Medium sized cestodes up to 4 length of 11lOmm.with 4 maximuuz 
Dreadth of 3mm. at the middle. Scolex with terminal dise, deep 
Bothria and prominent posterior borders, 1.5-5.Gmmn. in length, 
0.5+1.8mm. in width anteriorly and 1.32.0 posteriorly. Suboyi- 
indrical neck, 0.8-1.5mm. vide, First segments very short and 
wide, middle much broader then long and rectangular in outline, 
posterifr ones quadrate to slichtly larger than broad. Whole 
etrobila much depresved. 

Cutioula Bp in thickness, aubcuticula 40-50. Calcarcous 
bodies 18 x 13». Longitudinal musculature weakly developed, 
that of scolex strong. Nerve strands 16 to 25 in diameter. Four 
main exeretory vessels in the sttobila. eo 

Genital cloaca 49-60 py in depth, at the middie of the 
morgin of the progittis; irregularly alternating; hermaphroditie 
duot'present, also sphineoter cloacae. Vagina opens immediately 
éhead of the cirrus. 

Testes ellipsoidal, 60-90 in diameter, 80 to 120 in 
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number, arranced in a single layer in the medulle and i&terrupted 
only centrally. Yas deferens = circular mass of coils, 0.35 to 
0.30mm. in diameter dorsal to the uterus-sac, or to one side of it. 
Seminal vesicle within the cirrus-9ac, 50 to GOH in diameter; 
cirrus proper slender, 0.20mm. in length, 8-15 f ia dismeter. 
Girrus-9ac elongate, flask-shaped, 0.35ma. in length, i10 in 
maximum 4iemeter. 

Vagina 15 to 20,4 in diameter, passes to median line ven- 
ftrally then dorssl to the uterus. Receptaculum stminis median, 
90 jr in dicmeter. Ovary reniform tubulclodular, 0.45mm. wide and 
9.18 léng; dethmus thick, ventral. Oocapt 40p long and 18 ia 
diameter. Tro ventral vitelline ducts; common vitelline duct 
20M in diameter. Vitelliine follicles irregular in shape and skae, 
among the transverse and longitudinal muscles, forming a continuous 
layer around the progittis excepting for median elroular areas 
doreally anéd ventrally. Shell-gland small, compact, ventral, 115 x 
55. Uterine duct with only a few dorsoventral coils near the 
median line. Uterus-sac circular in outline, 1.0mm. in diameter, 
divided by deep incisions into 5 to S pouches, filling up the whole 
medulla dorsoventrally but not laterSally; openings opposite the 
genital cloaca or slightly behind its level, in young segments to- 
Wards the margin bearing the genital cloaca, in grauid ones almost 
in the median linc. | 

Regs, 45 = 36 , non-operculate. 


Rabditat: Intestine of host. 
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Host Locality Collector Authority 
Poiyod athula Ohio R., Washing- £F. Linton Linton 1897 : 431. 
tice EL) ton, Pa, 

. s T11.R., Beards- H.J. Van- Cooper (the pre- 
town, Til. sleave sent poh 

7 . L. des Allemands, H. B. Ward ® 
Georgia 

sd ® Uies. R., Keokuk, " n 
Iowa 

® & Misa, R., Fairport, ° " 
Towe 


Type specimen : No. 47284, U.S.N.M. Coil. 
Type locality &: Ohio River, Washington, Pennsylvania. 


This species was originally deseribed by Linton but with 
go little attention to the internal snatomy that up to the present 
it has remained pretty much @ species inqguirenda et incerta sedis, 
ag pointed out by Lushe (18990 : 40; 1900a : 106); aitho Ariola 
(1900 ¢ 440-441) placed it in the now obsokte genus Bothriotsenta 
Railiict. 

Linton deseribed thi golor of the living forms aa" ... 





at firet lemon-yellow; after lying inwater for a few minutes the 
bodies become colorless or faintly biuish translucent, while the 
heads remained yellowish." Regarding their method of attachment 
he aaid: "Two pits were found excavated in the mucous ani sub- 
mucous layers of the pylorus near the spinal vaive, in which the 
heads of a number of Dibothria were inserted." The length of the 
worm Wag recorded by the same writer aa from 35 to 78mu. while the 


maximum breadth was 3.7mm. As shown in the table below the largest 


! , Pa AL ie } i 
“ hoe are al ~y Tee M oP ie aw 
Be he a ls A 
5 chili as hie iene 
7h + 2 Fy y 


xdizodtus xopoeifed  yezhneal 
£5) 2 780L motatl motald .3. -patins® ..@ oldd | 


* 


ot gy. ait) sige). “pat Jt. + are, ot, OLE" i 
(teqeq vane | evnsko, eT stead -. 


ome oe oe sehame La yap a 


’ « toed “ »oula 
. fee... 


“ : ® axonal, wl oe 
| » £200 a, tae 2088 let ’ ae Ri he 
smkeor. yoases sAet gata se Cagis ona t eitsoes » 


[Oa 














‘abby aot, gorngs i 3a des kzweeb b xi cantatas sen apr 5 
tnestig edt 0? gu tact ymos até fersetad nd ot nee 
Babee sbreon! te Bhgor tupat weloode. * dows Mima & 

aboixk odd ge i (966 1 w00GL ,00 +s wecet) edeal xe: 

ite8 expey entonss Ron oat at be tesaly in Gt 

| y i 
ae a awact patric eat 26 eke vee tepend aotad 

odd. qadua te, 192-4 703 tot cyat getyt xotle iwollag~a mee 

‘adi eh hie ‘(bieee Copel tt tle fue sg uisaret 30. es uitoges te 

asniiou 16 to bodism sivde wali rb Of . * ca twoLkoy bi be 

ise lus syooum et) af Lotowenxe Sayet ener od £4 owt 


odd Weide al yovlev image oo? see8 eaxolya out ie | et 


VF «A 
a 


edt to'dtynel eT. * Reg tenn) anew absdtodig te eae at 


odd uitde .208T pt Of mor} aw cee aee smo edt ye, sabe 
joeceral oat woled cided ed as gpode eA ,eutt,s caw Af, 


w pairs om Alt 


115 


examined by the writer wo one 110mm. in lenecth with s maximum 
breadth of 3mm., which, however, shoved the cheracteristio opadue 
white uterus-eac filled with eggs intonly the last eicht proclot- 
tides. The scolex (Figs. 23, 24, 29 and 30) and strobila care, ag 
Gesoribed by Linton, * ... sagittate (when st rest and contracted), 
terminated snteriorly with a button shaped tip [thetterminal dise} 
whieh is bluntly rounded in front and merked off from the remainder 
of the head by a slicht constriction, in life angled posteriorly; 
pita (bognria] variable in life but usually elliptiosl, often with | 
Taterior margin aoaminate and sometimes with posterior margin in- 
@istinet. The head 49 angled posteriorly both laterally (sur- 
fiotalty] and mercinally, presenting 2 quite ohsracteristic appear- 
pnoe in the living worm, Neck ‘gubcylindricsl, narrower than the 
head. The segments becin come 4istanoe (6 or 8mm.} back of the. 
head, as faint transverse lines. The first distinot segments are 
closely orowded much droades than lone, metian segments squarish 
[but still much broader thon long], posterior segments veusily a 
ddttie loncer than broad, reotengular, apparently separs.ting 

rather easily. .++ Posterior angles of the segments alightly 
projecting. «.. OAtline of most of the strobilas nearly linear | 
end about the same breadth se the head. All the segments were re~ 
markably regular in outline, no in@sculetities being observed. 
While this regularity in the form of the proglottides and in their 
gradual inerease in size anteriorly and change of shape posteriorly 
is especially noteworthy in this species, the writer met with a few 
eases of intercalated triangular and aberrantly subdivided segmente 
in the material studied. It should be emphasized, too, that the 
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whole strobila including even the scolex ie constantly much flat- 
tened dorsoventrally, which alao assists in giving the worm a 
quite diagrammatic appearance; and as will be seen below this ex- 
tends to the internal einsony. The following table zives the 


measurements of four specimens, together with those by Linton for 


comparison: 

4734 4783 16.3938.1 154 16.393.3 17.11 
Length 60mm. 45mm. 76mm. 39mm. Glmm. 110mm. 
Length of scolex 2.75 1.85 1.48 1.75 2.34 3.01 
Width term. disco. 1.8 .... 0.60 0.55 0.73 0,80 
Depth * " ae ae Ge ee 0.48 
Width at base 2.0 1.7 eT a ee: a Be 1.95 
Depth * * ia tae Oak oh 1.10 
Width of neck Lib ones Oe OR ake’ ek 
Depth * * icae Get 0.36 0.37 0.48 0.68 
Length middle segs. .... 0.35 0.75 0.46 0,80 0.73 
width of same carve O25 3.33 1.38 a+75 3.44 
Length post. segs. 1.13 0.55 1.5 0.85 0.90 1.53 
Width of same 2.0 2.7 1.4 1.10 8.85 2.44 
Maximum breadth lamas Cae: tan ae 3.0 
Yeasured in water alcohol 0.W. C.W. Ale. Formol. 


The cuticula, 54 in thickness, consists of two layere of 
equal thickness, an outer irregular and more darkly staining layer, 
which is sloughed off in many places, and an inner, more homogeneous 
and lighter stratum between which the outermost portion of the inner 
layer shows a9 a dark bounding membrane. Altho only about one half 
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a3 thick on the outside of the scolex and still thinner on the in- 
side of the bothria, it was not found to be modified into minute 
spines on the edges of the terminal dise nor hinder end of the 
scolex where they might be expected. Their absence also on the 
posterior borders of the proglottides (of. Haplobothrium globuli- 
forme ) is not surprising sinoe these protrude only very slightly. 
The sudouticula varies from 40 to 50 in thicknesa and is made up 
of narrow elongated cylindrical cells with small nuclei, the outer 
ends of which are dendritic and quite separate from each other as 
are the bodies themselves. The meshes of the parenchyma are very 
loose and open, the spaces being large and the strands of the 
cyteplasmio framework considerably narower than the small nuclei 
which are located as usual at the intersections but surroundeddby 
only a limited amount of protoplasm. Linton stated that, "The 
segments contain numerous caloareous bodies, which exhibit a con- 
gentriec structure." In the seotions made thewriter found them 
fairly plentiful in all parts of the medulla and cortex and even 
among the subcuticular celis, elliptical or oval in outline, the 
largest having dimensions of 18 x 13p. 

The musculature of this species, excepting for that of the 
soolex which is well developed, is comparatively weak, no one series 
not even the longitudinal, being especially strong, altho all 
groups are prominent in that they consist of more or lesa isolated 
fibres quite diagrammatically arranged. Their conspicuousnesas is, 
in faot, amplified by the fine texture of the parenchyma. The 
frontal or transverse series do not form a compact layer closely 


applied to the inside of the longitudinal muscles but, as shown in 
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Fig. 35, a atratum of varying thickness; owing to the degree of 
separation of the fibres, especially laterally. The myoblastic 
nuclei of many of them can be easily seen. The sagittal series are, 
however, quite prominent, equally distributed from border to border 
of the strobila and show their myoblastic nuclet and surrounding 
cytoplasm very clearly, reminding one of the dorsoventral muscles 


of Abothrium rugosum (vide infra). while the fibres of both these 





series are only slightly more numerous opposite the posterior bor- 
ders of the proglottides, where they form more or less distinct 
septa, they are very well developed in the neok and anterior seg- 
ments. The longitudinal muscles form only a single layer of loosely 
arranced fascicles of irregular size in the middle and posterior 
segments, but in the neck they form a much thicker stratum, showing 
no distinct bundles and occupying the whole of the space between 

the transverse muscles and the subouticular nuclei. Altho, a8 above 
mentioned, the posterior Borders of the proglottides are not very 
prominent, there is a representative series of outer longitudinal 
muscles, best seen in the middle segments where they are situated 
Glose to the longitudinal cuticular fibres with which they are 
easily confused. Concerning the latter all that need be said is 
that they are well developed and consist of isolated fibres which 
render the two layers all the more visible. 

The musculature of the scolex is, as might be judged from 
its size and ite shape, very powerful. While the longitudinal 
muscles of the neck merely enter the base of the scolex, the trans- 
verse and sagittal fibres are directly continuous with the cirevlar 


and radial fibres, respectively, of the latter. Here, however, the 
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radial fibres are quite separate from the dorsoventral fibres 

with which they care considered to be homologous, especially 
laterally where they pass from the cutioula lining the bothria to 
the sides of the scolex ag in other bothriogephalids with prominent 
dothrial walls. Farther forwaéd the sacittal muscles pooper 
passing between the bothria are searce, their function being taken 
over by the very mumerous and olosely arranged radial fibres which 
are quite aa plentiful in the median line as laterally. In the 
termina disc both transverse and dorsoventral fibres are again 
prominent, while the radial ones are absent. Posteriorly the latter 
pass down along the sharp edges of the beginning of the neck, 
Frontal sections demonstrate the presence in theedge of the terminal 
dise as well as in the posterior borders of the euetex of two 

series of longitudinal arenate or rafiial fibres arranged for the 
control of these prominent ridges. These are perhaps modified 
portions of the outer longitudinal muscles which are very mumerous 
in the scolex and converge in the anterior portions of the edges 

of the walls of the bothria to become attached to the edge of the 
terminal dise at the four respeotive points. 

The chief nerve strands, from 15 to 25, in dorsoventral 
diameter and from 15 to 30 win lateral diameter, are situated far 
towards the edges of the medulla and in the median frontal plane or 
somewhat dorsally (Fic. 35). They pass dorsal to the junction be- 
tween the lateral and middle thirds of the cirrus-sac and conse- 
quently dorsal to the vagina. In the neck they are located in the 
very borders of the medullary parenchyma, but as they pass into 
the base of the scolex they approach the median line somewhat. As 
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they pass on with a varying diameter towarigs the tip of the scolex, 
they givenoff a number of branches to the walls of the bothria and 
finally enlarge in the terminal disc to two ganglia, each with a 
diameter of about 50, which giveseff in turn numerous large 
branches to the immediate neighborhood. Fach of these ganglia is 
divided into two large trunks which, however, continue only @ very 
short distance farther forward before they are joined by two com- 
missures.to their fellows of the opposite side of the scolex in such 
a way that the two branches of the ganglia on each surface of the 
sxolex are connected. In frontal sections each of these commissures 
is seen to be bowed slightly forward into the tip of the terminal 
dise and to give off further forward on each side @ large branch 
which passes farther into the latter. 

The exoretory system consists of a varying number of 
vessels of which four pursue a more or less constant course thruout 
the medulla of the strobila. These are found at all levels in 
transeotions and are separated from each other in the transverse 
direotion by different distances. The outermost two, however, are 
slightly larger and have thinner walls than the innermost pair. 
They give off numerous large branches and are conneoted by various 
anastomoses with each other and the more peripheral vessels. In 
the neok they cannot be followed as well, while close to thedscolex 
they lose their identity and break up into a plexus of very small 
vessles which ramifies forward thruout the latter. In the posterior 
border of the scolex, however, a emall branch on cach side takes a 
atraight course just within the nerve strand for a short distance. 


Flame-celis are quite numerous and readily discernible eapecially 
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in the medullary parenchyma. In young sttobilaa where no segments 
have yet been lost two comparatively large exoretory vessels pasa 
backward to the posterior end where they unite into & small narrow 
terminal vesicle. This in @ larva 13,.4mm. in length was 40 
long by 10} wide while the diemeter of the excretory vessels was 
15. 

The earliest traces of the reproductive organs in the 
form of a transverse line in either half of the proglottis (the 
rudiments of the vagina, cirrus-aac and lateral portions of the 
vaea deferens) appear from 4 to lOmm, from the tip of the seolex, 
while the first eggs are seen in the uterus-sace from 35 to 35mm. 
from the same point. The development of 211 of the genitalia is 
very gradual.) and ean be easily followed in good toto preparations, 
sinee the diagrammatic nature of the worm, above mentioned, extends 
to the reproductive system, dikine tke species an ideal one for 
study. The cirrus and vagina open into the common genital cloaca, 
which is situated in the middle of the margin of the proglottis, 
while the uterus opens on the ventral surface, not in the median 
line but towards the side occupied by the atrium. The oloagae 
alternate irregularly from side to side, from one to ten having 
been found occupying the same margin of successive proglottides. 
The following figures represent the number of such segments before 
the genital aperture changes to the other side in specimen No. 
16.292.1 of the above table: 1, 2, 1, 8, 1, 1, 1, 3,2, 3, 3, 1, 2, 
BpRO sp Agedy Lp 3p: 39.8, Bp dei Ae Ay ids 325.3, 35 343, 3, Oi 6, 1, 
1, 1, 1, 1, 3, 3, 1, 3, 3,3 -- ae far forward as the rudiments 
gould be conveniently traced. The genital cloaca (Figs. 27 and 38) 
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is elliptical in outline when viewed from the side, its longer 
diameter being direoted dorsoventrally, while in transverse seo- 
tions it is squarish in outline. The dorsoventral diameter, longi- 
tudinal dimater and depth are, respectively, 70-85p » 40-55 » and 
40-60. Into the middle of the bot€oim of this depression opens 
the hermephroditio duct about 604 in length, into the bottom of 
which in turn opens the vagina immediately ahead of the oirrus. 
Since the cirrus proper is = long slender tube and since the exter- 
nal portion of the hermaphroditic duct is usually found quite 
tightly closed and the end of the cirrus turned around toward the 
opening of the vagina, self-impregnetion would seem to be quite 
probable in this species. On the other hand the fact that the 
genital cloaca is so well formed and further that it is surrounded 
by a well developed sphincter and a series of musoular fibres 
radiating out into the surrounding parenchyma, 2s shown in Figs. 327 
and 28, argue in favor of its use in cgoss-fertilization. No pro- 
truded cirri was seen, however, in the material at hand. Perhpps 
both methods of fertilization ocour. 

The testes are spheriosal to ellipsoidal in shape, their 
longest diameters being dorsoventral, while their cross-seotions 
are usually circular in outline. In segments where there are as 
yet only a few eggs in the uteri their dorsoventral and transverse 
diameters are, respectively, 85-90 pn and 60-80» . In the anterior 
and posterior ends of the proglottis, -+ they are not continuous 
from segment to segment but separated by the aggregations of 
sagittal and transverse muscles mentioned above as forming more or 


less complete septa, -- they form a single lsyer situated in the 
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medulla in the median frontal plane, but are widely separated ia 
the middle of the proglottis ky the central genital organs and 
ducts, especially the utcrus-sac. Their number ranges from 80 to 
120 for cach proglottis. While the wall of the testis consists of 
&@ very thin membrane from which nuclei protrude inwardly, the con- 
tents are such as to show the process of spermato-genesia with com- 
paratively creat clearness, The vas deferene forma a circular 
mass of coila, 0.25 to 0.350mm. in diameter, applicd like a gap to 
the dorsal side of the developing uterus-sac and thus close to the 
inner end of the cirrus-sac. When the uterus becomes gorged with 
@ggs it is pushed aside somewhat but still retaing similar rela- 
tions with one of the pouches of the formor, located in the direo- 
tion of the genital cloaca (Fig. 36). In the mass of coils the 
duet is usually distended with spermatozoa to a diameter of 40». 
It gradually narrows down to a diameter of 15 before entering the 
Cirrus-sac before which there is, however, no seminal vesicle. But 
within the pouch the vas deferens enlarges to form a large seminal 
vesicle, which with a diameter of from 50 to 6GOy takes only a few 
eoils before passing on ag the cirrus proper from whioh it is 
sharply separated (Fig. 28). The cirrus ia a slender tube from 
0.17 to 0.22mm. in length within the pouch and from 15» in diameter 
nearest the seminal vesicle to 8n at its opening. It is lined 
with 2 thin outioula which is olroularly cleft in its proximal one= 
third but almost smooth for thdrest of its length, nowhere, however, 
showing anything in the nature of an armament. The cirrus-sac 
(Fig. 38) is an elongated flask-shaped structure with a maximum 
diameter proximally of i110" and distally of 40 and a length of 
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0.35mm. The negk of the organ usually shows a oouple of do#so- 
ventral ogurves, while about 20m of its distal end protrudes into 
the hermaphroditic duct. Ita walls are comparatively thin and 
composed of an inner layer of ciroular musoles and an outer weaker 
ana much less compact layer of longitudinal fibres. Apart from the 
seminal vesicle which occupies almost the whole of the proximal 
enlarged portion and the narrow cirrus the contents consist of only 
&@ limited amount of parenchymatous tissue and a very few feeble 
retractor muscles, The whole struoture of the cirrus-s2c is in 
fact such as to suggest that the funetion is that of an organ for 
the expulsion of spermatozoa rather than for the emission of a 
capulatory organ; altho a few muscles passing from the body wall 
around the cloaca to the anterior part of the neck of the sac 
(Figs. 37, 28) would scem to indicate that a swall portion at least 
of the cirrus ie protruded, perhaps during self-fertilization. 
Altho the vagina opens ifito the hermaphroditie duot diresotly 
ehead of the cirrus, it almost immediately curves around the distal 
portion of the oirrus-gac to the anteroventral side of the latter 
which it follows closely towards the median line. Olose to the 
Wall of the inner end of the cirrus-sac, however, it crosses the 
distal coils of the vas deferens towards the dorgal surface and 
akirts the uterus-sac. When it reaches the median line above the 
gack it turns sharply downward and backward, The vagina has a 
diameter of from 15 to 20, opposite the middle of the cirrus-sae 
and is lined with only a comparatively thin layer cf cutichla. It 
very gradually expands after crossing the inner end of the cirrus- 


sac to form a much clongated and very spacious receptacuium seminis 
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the diameter of which cloge to ita inmer end may be a5 much as SOK}. 
Thia 4c usually filled in sections with spermatozoa, 2 stream of 
which canoften be seen passing on into the aperaiduet. The 
beginning of the duct is surrounied by a poorly developed layer of 
tircular muscles which are almost absent from the inner expanded 
portion. The receptaculum is sherply separated from the spermi- 
duct which has 4 diameter of only 15 to 50} and a length of 0.12 
mm. The latter is en almost etraight tube passing in the median 
Aine from the more dorsally situated reeeptaculum to its point of 
umion with the oviduct close to the ventral wall of the medulla 
(Pic. 25). It shows best in transectionsa where ite walle are geen 
to be composed of an epithelium of oubical cells iying on a dis- 
tinet basement membrane, and to be surrounded with a thick layor of 
nucleu and extremely fev, if any, musele fibres. The ovary 

(Pigs. 25, 26) 49 a somewhat kidney shaped tubulolobular orgen 
situated in the posterior half of the proglottia behind the devel- 
oping uterus-sa2c with its coneavity direeted forward and not ex- 
actly in the median line but slight approaching the cloaca. It 
@verages 0.45mi. in width by 0.18 in length. The isthmus,which is 
@lmost as long and about one half as thick as the wings, is located 
only slightly below the median frontal plane of the medulla. Ova 
from the same have a diameter of from 30 to 25p . In gramid»pro- 
giottides where the uterus ie filled with eggs only 2 small portion 
of the degenerating ovary remeings and this is accommodated between 
‘the two hindermost pouches of the uterus-sac. The oviduct com- 
mences in the median line anteroventral to the ovarian isthmus as 
@ somewhat oylinirical cocapt 40pm in length by 18 in diameter and 
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not sharply separated from the rest of the duct (Fic. 35). It 
passes ventrally with a diameter of 20,4 for about 50 before 
being joined by the spermiduct, and then for only a short distance 
farther anterolaterally along the ventral transverse musoulature 
before meeting the common vitelline duct. The latter is formed by 
the union in the usual manner of two viteliine ducts coming from 
the lateral regions of the proglottis along the ventral wall of the 
medulla, It is quite short, however, and contains in seotions only 
& limited amount of yolk, ita diameter being at the most only 20y. 
The vitelline follicles (Fig. 35) are irregularly ellipsoidal in 
shape, and situated either just within the transverse muscles, be- 
tween them and the longitudinal muscles, among the latter or even 
slightly outside of the longitudinal muscles. While they vary con- 
siderably in size and, not being very numerous, are widely spaced, 
their average maximum diameter is about 50p. They form a sontin- 
uous band completely surrounding the medulla, excepting for irre- 
gularly circular areas above and below the ventral ducts and organs, 
in the median line, but are not continuous from joint to joint. 

On the whole they remind one of the vitellarw of A. arassum. The 
union of their .efferent ductlets can be easily traced, especially 
in frontal sections of younger proglottides, since they are com- 
paratively large and henee quite distinct. In grawid proglottides 
they have, like the ovary, al11 but disapreared, their function 
having been almost completely performed. The shelli-gland is a 
small compsot organ, about 115 p in width by 554 in length, sur- 
rounding the oviduct just beyond the entrance of the vitelline duct, 
or to be more exact, just beyond the first turn taken by the latter 
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in ite return to the median line after passing laterally, as above 
atated. It is thue situated ventrally and a short distance from 
the median line. Beyond the shell-gland the oviduct continuss as 
the uterine duct which makes only a few dorsoventral coils near 
the median line before emptying into the uterus-sac. The latter 
is formed in development by the gradual enlarzeuent doreally of 
that portion of the duct which traverses the cortical parenchyma 
on the ventral surface of the progiottis. Just before eggs appear 
in the sac this part of the tube oan be seen in transections as 4 
epindle-shaped dilatation, whose nucleated epithelial wali is sur- 
rounded by a thick layer of nuclei, the whole being, however, not 
distinctly separated from the proximal portion of the tube (the 
uterine duct of older stages) at @ constriction just within the 
transverse musculature. In proglottides farther ahead this con- 
striction is outside of the transversdmusoles in the cortex, s0 
that we must look upon the uterus-gac, then, as being formed by a 
gradual enlargement of the distal end of the uterus as it becomes 
filled with eggs and not as a sack separated in the rudiments from 
the proximal uterine tract as in the Ptychohothriidae. In one 
ease where only 5 or 6 eggs appeared in the lumen the uterus-sac 
had a diameter in frontal sections of 80, ; in the next segment 
following it was enlarged in all dir otione, somewhat elliptical 
in outline, with a diameter of 240py 3 in the next still larger; 
and in the fourth somewhat pointed anteriorly. From then on it 
quickly enlarged until finally it 19 a capacious aac, as much as 
1.0mm. in diameter occupying the whole of the dorsoventral diameter 
of the medulla and simost all of the longitudinal and tranaverse 



























“evade 0 4X terete £ pateen totte..aail. nathen edt. oF apo Ss s 
rus H07%,, 00cas eLb taode & ts Ritattacy. betast tes wast ei. aaa | 
| ne seme teneottesh ive elt batia«ifode oft haoyed »,eatk, fetben: 44 
caem ettoo Lontsgvoeseb xet « ¥ino podem dotdw Fou al tede i ie 

z ited oat oso regtete sft, ota. gatytam erated atl: na tboa iti 

to yLisguob smewsgteloe Senbhery odd yd daemqoloved at bean 
SepinaOnAy Leettioo sft epearavart do itm toub ee te nots 
saecge onee osoled teagh . eltzolgorg: adf io eostrue Lertaow, ¢ dt 


| S 0% egaltecaner? al aeee od £00 gears ont to Otaq etd? os 


a ~ie ek Lav: dsileds £9 ® hevsoelouga seodw. sMinkt abe Li: aes 

4 fens svewod pated: okodw oF , keloua to royal ‘dbtae : ete 

: edit) odut on? to. soktrog fominong. odd mos, botuneqer whe kta at 
o edt gidtiw cep, motio: titegoo. @ ta. (engate teblo.2o tow a 
; a0 old? beode sodtzet sehttiolgo: 4 is ouptakwossm ont . 
- (OS, ast xep> odd al ao foaumpstevanert ot to. ebiatuo oie ss 

if a. e¢' Sosrro} gated ak ,mod?: pPRD REE OEE, one, aoqu. tool tas 

| 


- » pem@ened th, ae agceady. odd. te haw. Late th. edt ae sbeeheaihill 
| Gor eRaenbors od? ah botataque fossa a8 ton baa rane, ste b 
80 ok .,eablixrdtodedoyt? off at e¢ Poant ‘eatrery: xe 
CLS “ausety #8?) geoul -oft at bere eqs eu90, 6 xo @ ‘vine exe ® 
fastges xen o6¢ wh 4 408 to eaotiven Latuor tas ‘isto | 
| Lame liaqkiio sadwvemed pote id Lie al bopraige eave! ache: 
" 


ijeguel (lite #xom od? a2 ¢ HOPS to Tetometds « déin ,eall bas 


$i ce ned? sot® Whaolyotan Satatog -adwemcs atu? ont zt 


7 


#2 foum 84 .-,020 euoloaqeo-m abt) ellagh} Lita veh. besielas “t 7 7 
rsJemalh derstgavossobh ef? te olLogw od? uni¢yexrt ce dheemntd dia 
cerevenes? fas Legtivd toned odd to ile teomls hua ellubom, 


‘| 


orn 


, ' ALY vo i ie” 2 
( y ‘ , } y We Wits ae OAT, | vib ' ae Bgl fy 
f , a | 


7 f+ a : i ae A i | 
©. ' d nn Uy A et as a Vin) Pe |) ee’ BS Be 
ee ee “Oe Pa eat Se ee oti gts OF 


=) 
(Aw) 
Co 


diameters in gravid proglottides. While as acen in tranaveraec 
sectiong it ie almost entire in outlinej in frontal sections it is 
divided into from & to 8 large irregularly shaped lobes or diver- 
tioula, the hindermost two of which enclose the remainder of the 
ovary and the central connections of the reproductive ducts, as 
above mentioned. Ventrally the sack is funnel-shaped towards the 
amail opening which only appears when the proglottis becomes quite 
gravid. Sinoe the uterus-sacs, even the most gravid ones are not 
situated exactly in the median line but towards the margins bearing 
the genital cloacae, the openings form " ... a zig-zag line of 
minute pores [which] traverses the median region of one of the 
broad faces of the strobila, each pore being near the middle of 
its segment." Linton correctly considered them to be for: the 
Ssoape of the eggs. Anteriorly where the uterus-sacs do not yet 
contain eggs these pores, -~ in reality the ventral funnei-shaped 
portions of thebacs, +- are located about 0.18mm. on each side of 
the median line, but posteriorly they are relatively much closer 
together, infact almost exactly in the median line. Furtheemore, 
they are directly opposite or slightly behind the level of the 
genital cloaca. The opening is formed only when the proglottides 
become quite gravid by the rupture of the body wall in a very 
email and limited area, but not of 4 preformed membrane as in the 
Ptyohobothriinae. 

Concerning thekgge Linton (p.433) said: "The ova are 
‘nearly spherical, with thin shells. They are avout 0,04mm. in 
the greatest diameter." Those from the material preserved in 


formalin were found by the writer to be sometimes spherical in 
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shape but usually ovoid or ellipsoid, with maximum dimensions in 
the latter oase of 45 x 36y. Neither in sections ngw in prepara- 
tions of eggs from the uterus sace of material in formol, alcohol 
or cleared in oi1 of wintergreen were operoula to be found, but at 
the one pole of the egg a gmali boss about 5p in diameter which 

is often enlarged to form « distinet projection or appendage, 

Altho development had not progressed in any of the eggs studied 

a0 far that the six hooks of the oncosphere were visible, the 
writer is of the opinion that even in mature eges no opercula would 
be found, since its almost spherical shape and the presence of the 
button-like thickening at one pole are quite like conditions in the 
nonoperoulate egg of Abothrium rigosum, for instance, 2s deseribed 
and figured by Schauinslend (1885 ' 637) and further, gince in 

the egg of the operculate type, s3 in that of D. latum or of T. 
nodulosus, described and figures by the same writer, the operculum 
is present long before the hexacanth embryo has developed. 

As regards the life-history of this species nothing isa as 
yet known. It is noteworthy, however, that very young larvac, such 
as shown in Figs, 29 ands0, can be easily recognized on account of 
the peculiar character of the scales, so that it would not scem 
difficult to pick them out of the intermediate host, whatever that 
may be. All sizes from the youngest (Fic. 29) to the largest were 
present in the material studied, 

The material of this species consisted of Nos. 4724 and 
4783 U.S.N.M. Coll., Nos. 16.292, 16.421 and 17.11 ¢.U.I11 and 
No. 164 of the writer's collection, all from the intestine of 


Polyodon spathula, the Paddlefish. 
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Subfamily 5. TRIAENOPHORINAE lLuehe, 1899. 


Scolex armed or unarmed, always with two typical and not 
very deep bothria, ahead of which the flattened termination of the 
scolex projects more or less prominently in the form of 2 ring. 
External segmentation present ér absent, in the former oase an 
unjointed neck being absent. Opening of cirrus and vagina 
marginal, irregularly alternating; uterus opening surficiah, ven- 
tral, ahead of the marginal genital aperture. Genital apparatue 
always single in each proglottis. Wo muscular bulb (Eachricht's 
body) on the inner end of the unmecebes Receptaculum seminia 
comparatively small, not siways sharply separated from the naroow 
inner end of the vagina. Uterus a much eollied canal, which while 
never forming a rosette ia usually somewhat enlarced before its 
opening. 

Sexually mature in the intestines of fishes and marine 
turtles; larval conditions mostly unknown. 

Type genust Triaenophorus Rudolphi, 1793. 


Genus 1 Triaenophorus Rudelphi, 1793, 


Vesicaria, Cysticercus et fhuctorum. 


aenia Comm.part.) 


Trisenophorus vel Tricuspidaria Rudolphi 1793 : 44 


Tricuspidaria ¥ 1793 3: 43-44 
Tzieenophorug . wt 
Rhytelminthug (part.) Zeder 1800 3: 317 


Rhytis (part.) " 1803 : 291 
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Triocugpidaria Rudoliphi 1802 : 99-103 

° 8 1809 3: 7, 35-26 
Triaenophorus . *. $ 3 
Tricuspidaria . 1810 : 32 

° Lamarck 1816 : 169 
Triaenophorus RPudelphi 1812 + 135, 467, 

® Creplin 1639 3 a 

° Dujardin 1845 3 625 
ee | Diesing 1850 : 604 

° Baird 1853 3 93 

° ¥Yolin 1888 : 134 

8 ® 18Ele: 236 

° Diesing 1863 : 3246 

® Plisson — 1867 : 56 

° Loennberg 13869 3 41 

® Olsson 1893 : 20 

. ‘ Luehs 1899 ¢ 37-38 

° * 1899a: 722 

° | Braun 1900 3: 1694 

° ii Luehe 1900a: 98 
Tri ovspidaris Stiles and Hassell 1902 ¢ 23-24 


Triaenophorus Luehe 1910 ¢ 83 
Generio Giagnosies Scolex armed with four three-pointed 

hooks, never replace’ by a pseudoscolex. Fxternal se#mentation 

completely ebsent. Longitudinal nerves doreal to the cirrus-9aq 


ena vagina, close to the lateral borders. Testes between the 
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nerve stranda only, filling up the whole medullary parenchyma, 30 
far as this is not oooupied by other organs; a testis free middle 
field is quite aa infrequently present 4° a pronounced dorsal layer 
of the testes. Coiling of the vasa deferens in its proximal, almost 
medially sitiwated part, that portion passing distad to the cirrus- 
880 very slightly coiled. Vitellins follicles form a continuous 
mantle between the aubcuticula and the longitudinal musculature, 
which is broken only at the places where the genital ducts open. 
Ovary, approaching the lateral border bearing the genital openings | 
lies on the ventral transverse musculature, yet individual ovarian 
tubules extend partly thruout the whole medulla. Shell-gland just 
aa infrequently median aa the ovary, lying behind it, also usually 
approaching the dorsal surface somewhat. Firat portion of the uter- 
us only « weakly coiled canal (uterine duet) which passes thru the 
proglottis transversely and leads into a large single caity 
(uterus-sac) which lies not exceptionally ahead of, but yet partly 
near the ovary, and usually not median but away from the targin 
bearing the genital openings. The latter also applies naturally 
to the uterus-opening which breaks thru later. Eggs thick-shelled, 
operoulate, 


Type specise: 7. nodulosa (Pallas, 1781) Rud., 1793, 





Altho, a9 indicated in the above synonymy and as contended 
by Stiles and Hassall (1903d ; 33-24), Rudolphi should not have 
changed the name of the genus in 1819 from Triouspidaria to 
Triaenophorus again, after having used it in connection with the 
specific description in 1810, the change has become 30 firmly ea- 
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tablished in the literature that it does not seem perhaps justi- 
fisable to revert to the older name Tricuspidaria which is known 


to only a comparatively emall group of zoologists. 


Triaenophorus ap.iarv. 
(Eigs. 3 == 5118) 


Since all of the material at hand was larval, not even 

the earliest traces of the reproductive rudiments showing in toto 
preparations of the largest specimens, it was, of course, impossibdle 
to determine the species with certeiniy. 

Tuo types cf scolices were present, however, and these 
agreed with the descriptions of the organ given bylvarious authors 
for T. nodulosug (Pallas) and by Olsson (1893 ; 20-31) and Fuhrmann 
(1210 : 88-89) in particular, for T. robustus Olsson. It will be 
geen also in the table below that these two forma were found re- 
spectively enogsted in the liver, on the visceral organs or in the 
wall of the stomach, and free in the intestine of the hosts, -~ or 
90 firmly attached to the wall as to be deeply imbedded, the 
aucesa forming a protruding collar around the worm, -- the only 
exesption Deing those from the intestines of Esox masquinongy and 
Stizostedion vitreus (vide infra). Olsson pointed out that these 
two species can be resdily differentiated from each other on account 
of the situations in which they undergo their devclopment. Whereas 


the larvae of T. nodulosus am found gensrally within cysts in the 





liver of the intermediate hosts, as recorded by a number of writers, 
thoes of T. robugtue »Te constuntly encysted in large numbers in 


the flesh, -- Olsson having ‘ound them in Coregonug albula and ¢. 
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lavaretug, Luther (1909 : 58) in ¢. albula, and Fuhrmann in the 


"p>rachet® (7? Esox lusius). 








The seolex of the robustus type, shown in Figs. 31 ani 33, 
is, 29 desoribed by Olsson, in the form of a truncated rectangular 
pyramid, that part immedis’ely behind the terminal dise being con- 
siderably constricted and more nearly elliptical in transverse 
section. As stated by Puhrmann, "La limite posterieure du scolex 
de T. robustus est nettewent marquée et lea deux bothrias, 1'un 
dorsal l'autre neutral, gon tres profonds ... " Thia delimita- 
tion of the scolex isa emphasized by the fact that immediately be- 
hind the posterior border of the bothria the dorsal and ventral 
gurfages of the body of the larva are distinctly coneave as are 
also the lateral surfaces, quite diagrammatically in fact,as shown 
in the figures. These concoavities extend farther back for a few 
millimetera and then gradually flatten out and pass insensibly in- 
to the convexities which togdher form the elliptical outline of 
the eross-section of the middle of the larva. And the writer would 
like to cmphasize here that this wag found to ve a constant feature 
of a11 the material studied and not simply due to any possible 
logal collapsing during dehydration. Altho, as shown in the table 
the measurements of the whole seolex are much smaller than those 
given by Fuhrmann, as wight be expected, it ia chiefly the structure 
and size of the trident of hooks that led the writer to consider 
thie type of larva to beléng to 7. robustus. Fig. 33 of one of 
these compares very favorably with t!ioae shown in Olsaon'tsa Fige. 
$1 and 32 and Fuhrmann's Fic. 3, while the measurements (ace table) 


Guite agree with those given.by the latter. The base of the trident 
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is comparatively long or deep (in the sagittel dircetion), henoe 
the specifie name according to Olason, while not only the full 
iength of the larger hooks but slso a good deal of the median ones 
project thru the cuticula as the functional tips; in Fig. 33 which 
is from an alcoholic specimen these are seen to be darker than the 
basal piece. The following measurements are given for compariaon 
with Fuhrmann's of adult specimens, which are placed ahanntile, the 
data in parentheses being of the opposite trident on the same sur- 
face of the ecolex in question: 


After 
163.1 163.2 15.47 360,1 Fuhrmann 
Length -:147,50m. 123.0mm. SSam, 79mm, 310-370mm. 
Breadth | 1.07 1.58 «Askk 2603) | 4E,8 
Length of scolex 0.98 "0:96 1,07 0.88 1,24-2.3 
‘Breadth of tern. dieo. 9.77 0.83 0.68 0.74 0,95 
Breadth s@olex oaate 
eriorly 1.05 1.07 1.11 1.11 1,44+1.5 
Width thident » 0033{0,30) 0.50(0.30) 0.326 0,25 0,29-0.32 
Length, mediad 0.25 (0,34)0.23(0.33) 0.22 0.33 0.24-0.28 
a externally 0.18(0.18) 0,16(0.18) 0.18 0,18-0.19-0.2 
Meagured in Ie¥e 0.4. Toto Alcohol 


Olsson spoke of the larva of 7. robugtus being provided with a 





narrower oylindrical "cauda" as in cortain Tetrarhynchus larvae, 

and gave the length of one as 120mm., whils the anterior portion was 
spproximately 60um. long. In only a few of the larger larvae at 
hand were the remaine of euch a structure seen posteriorly, while 

in lot Mo.36 (vide infra) many had appendages of varying lengths 


ani degrees of distinction from the fore~body, a fedium large one, 
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for instance, having these messuréencntst Length of anterior portion, 
48mm., of cavuda 24, of soolex, 1.163 width of fore-body, 0.56, of 
cauda, 0.37 (3 : 1, -= Olsson). 

On the other hand, the other type of larva which was con- 
sidered by the writer to belong to T. nodulosus, is characterised 
by & much shorter, narrower body smaller at irregular intervals, 
owing to differences of contraction, into nodules, whence the 
Specific name, and by a quite different scolex provided with the 
ell known form of trident (Pigs. 24 to 37). While the latter and 
the scolex as aeen in surficial view agree in essentials with the 
descriptions and figures given by various authors, ¢.g., Rudolphi 
(1810 ¢: 32-37, Tab. IX, Pige. 6-11), Wagener (1354 : 36-37, Tad. 3, 
Figs. 17-21), Olsson (1893 : 20-21, Figs. 38-33) and Puhrwann 
(1910 + 96-89, Fis. 1), 4% oannot be said of the material at hand 
that, a3 stated by the last writer, " ... shes T. nodulosus on ne 
peut voir anoune limite entre le soolex et le cou au Bothrioge- 
phale ... ® For inlsteral view (Fig. 35) the bothria are dia- 
tinctly separated ?rom the beginning of the vody, altho thie is, 
ag just mentioned, not nearly 30 apparent in surficial view, As 
shown in Fic. 34, the middle hook of the trident does not protrude 
thru the cuticuia, since it is the root for muscular attachment, 
the upper median hook (cf, Wagener) which does protrude in the 
adult, being evidently not yet developed (Figs. 36 and 37). Fora 
short distance behind the séolex the body is somewhat rectangular 
in eross- section, the sides of the reotangle being, however, slight- 


ly convex and not ooncave as in the robustus type, and henge not 





go very different from the cross-section of the body and farther 
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back. But the material conteined in lot No, 53 from the inteatine 
of Esox masguinongy doce not setriotly anewer this description sinee 
the body just behind the scolex ia slightiy concave on all sides, 
Otherwise the specimens are distinetly of the nodulosus type. It 
should be mentioned, too, that one of thia lot showid a very short 
wut distinct caudal piece, which with the general stout appearence 
of #11 of them may be accounted for by the possibility that they 
have reached the intestine of one of their final hosts, -- altho 
no other specimens were taken from the Maskinonge, -- and oontin- 
ued their ievelopment. Likewise a few of the spewimena of lots 
Nos. 102313 and 1.B. 38 (vide infra) were provided with short 
gaudal appendaces. The smallest example of this type and of 211 
the material, for that matter, at hand wae No. 188 of the accom- 
panying table. Altho it is only a little over two and a haif 
millimeters in length, its posterior end ahows that a portion, per- 
haps a ouudal piece, has been torn away. The following table gives 
measurements of a number of specimens of the nodulosus type, similar 
to those given above for the robuatug type, with Pubrmann'a data 
for comparison: ie 


After 
123 53 152 188 Fubrmann 
Length Piece Piese Piecoe 3.68 130-180 
Breadth at Middle 0.61 0:37 0.48 9.30 2. Bo4 
Length of scolex 0.88 0.863 0.55 0,55 0:98 
Width term, dise. 0.48 0.36 0.37 0.31 0.37-0.49 
*  ecol. post'ly. 6.64 6.37 0.37 6.86 0.67-0.6 
-* trident 0.18 G.16 0.38 0.13 0.138 
ie © medially 0.14 6,139 0.11 0.14 0.073 
Riis * externally 1.12 “G.09 0,08 0.10 0.0638 
Measured in 0.4. O.%. OW. OF. 
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It will be noticed that in apite of the fact that all of 
the measurements of the tridents are larger than those given by 
Purhmann, they are considersbly emaller than those of the other 
type. 

} Finally, altho no speoimens of cither type of larva so 
young that the hooks had not yet developed, were met with, those 
of lot Mo. 40 fromtthe intestine of Stizostedien vitreum were 





provided with only very sm3l1l1 tridents of the nodulosus form, the 
bases of which were not yet well developed, while the whole sco- 
liges were 2 sort of compromise between the two typed in shape but 
of the nodulosus type as regards size, a3 shown in the following 
mesguremente} Length, l2mm.; width at middle, 0.64; length of 
seolex, 9.87; width of terminal dise 0.54, same of seolex poa- 
teriorly, 0.90; width of trident, 0.14, length medialiy, 0.07, 
externally 9.05. Altho these specienan would seen to represent 
an intermediate stare between the two types of scolex, ao far as 
the reneral shape 1s concerned, the writer wag inclined to consider 
them s@ helonging to the nodulosua type, yet it must be said that 
emaller agolices, @¢.g. No. 151 of the tabls, have considcrably 
larger hooks. 

On the whole, then, the bulk of the evidenoe given here 
tends to show thet here in America we have probably two speciosa, 
very closely related to if not identical with the Furopean 7. nodu- 
losua ant T. robustus which have been clearly distinguished by 
Puhrmann (1910) and also reoognised by Luehe (1910 : 23). However, 
none bage as yet been reported for thia continent, so far as the 


writer iso aware. 
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The material 


Lot Host 


Type robustus: 


56 _ Esox luctus 
36a " 
36D 

_ 35e 4 

163 ° 

“183 n 

184 " 

‘te F 

163 Lota maculoga 


15.47 “Lake Herring" 


Type losus: 
“ 91 Peroa~floveteens 
161 


188 Wioropterus 
as dolomicnu 


125 dSatostonmus 


- gommersonii 
Eh8bd Notropis deliostus 
10213 "White Bass* 


ON,Ss28a Stizostedio 





40 Ss. vitreum 
63 Esox masgui- 
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studied is here listed as 2 host resord also; 





Locality Collector 
Flat-Rook L. Cooper 
Muskoka,Ont. 

GosHome F., " 
Muskoka ,Ont. 
Go-Home Bay “d 
tt t 
n n 
n n 
ft " 
Off Giant's n 
Tomb I@., Geor- 
gian Bay, Lake 
Huron. 
Lake Superior H.B.Ward 


St. Lawrence F., Cooper 
Troquois, Ont. : 


Go-Home Bay " 
" Rn vr 
? Georgian Bay " 
? Charlevoix,Mich. H.3,.Vard 
Liver ? " 
Stomach wall New Baltimore, = 
Vich. 
In intestine FPlat-Fock L. Cooper 
. 7 Go-Home FR. " 
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Family 3, PTYCHOBOTHRIIDAE Luehe, 1902, 


Scolex unarmed, with two separate and more or less strongly 

developed bothria or exceptionally replaced by a paeudoscolex. 
Ne ok absent. External segmentation never absent, but frequently 
incomplete or obliterated thru secondary foldings. Genital organs 
humerous, but only single in each proglottis. Both surfaces of 
the chain of proglottides, apart from the genital openings similar. 
Cirrus unarmed, with oleft cuticula. Opening of cirrus and vagina 
behind the uterus opening, surficial or marginal, in the first case 
on the opposite surface to the uterus-opening and almost median. 
No muscular bulb at the inner end of the Pr ae Reeeptaculum 
seminis, when present, has the form of a emall bind sack situated 
at the inner end of the vagina. —s and shell-gida median. 
Testes in two lateral fields. Uterus never taking the rosette 
shape, but usually forming a oapacious undivided uterus-sac. Eggs 
thin-shelled, without opercula; embryonio development in the uterus 
and in consequence of exhaustic production of eggs (out dependent 
on the time of year in the case of many species) all the egzs of 
the whole tapeworm are at the same stage of development. 

_ Sexually mature in the inteatine of fishes; larval condition 
unknown. 


In his first diagnosis of the family Luehe (1902a : 326- 
337) emphasized the similarity of both surfaces of the strobila 
(on contradistinction to conditions in the Acanthophallidae), the 


unarmed cirrus with cleft cuticula, the peouliar coecal recepta- 
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culum seminis and the absence of opercular in theleges, but de- 
_geribed the uterus as follows: "Uterus nie die sogenannte Rosetten- 
form annehmend, wohl aber in der Recel eine gerdumige Uterushdhle 
bildend, welche die ubricen Genitalorgane, ohne dasg freilich deren 
Riickbildung eintritt, buchstablich an die Wand drangen kann, indem 
die ganze Proglottis in reifen Proglottiden vielfach als ein ein- 
ziger sackfSrmicer Fibehdlter mit verhaltnismassig achr dunnen 
Wandungen erscheint." On account of the fact that the uterus of 
Haplobothriun was found to answer thie description in that it is 
divided into a uterus-sac and uterine duct, while the remaining 
reproductive organa are distinetly diphyliebothriidian in their 
nature, the writer pointed out the difficulties in this connection 
by saying (1914a : 3) : "As a matter of fact the whole question of 
the division of the uterus into distinet regions is one concerning 
which we oannot come to any definite conclusions since, to my 
knowledge, there is no adequate description of the developmental 
relationships between the uterine tube and the uterine sac in those 
genera in which they appear." The conditions in Haplobothrium 
and Marsipometra have already been disoussed above. Here will be 
given the observations on the development of the uterus to which 
reference wadmode. 

In Bothriooephalus scorpii the lumen of the uterus-sac 
appears suddenly and with a diameter of 90y, the rudiment ahead 
showing as yet no signs of forming a cavity. This enlargement ia 
Situated at first, however, inthe cortical parenchyma and among the 
longitudinal muscles, only the inner tip of the structure in trana- 


sections going tnto the medulla. Just within the inner transverse 
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muscles this inner portion of the sac is joined by the uterine duct 
which with a diameter of 30, elsewhere is here only 8p in dia- 
meter. Furthermore in the genital rudiment of the next progiottis 
ahead there is a distinot demarcation between the aggregation of 
nuclei that will form the sac and the axial rudiment of the uterine 
‘duot. The same separation of sac and duct with the narrowing of 
the latter just before entering the former is present in the follow- 
ing segments even where the first eggs are to be seen in the lumen. 
Thue the eggs must have passed thie narrowed region which is a 
great deal emailer than their diameters. Stiil farhter back where 
the lumen is about 165, in diameter there oan be seen not only the 
situation of the sac in the cortex and among the longitudinal 
muscles, projecting 2s yet only a short distance into the medulla, 
-= altho here the bundles of muscles are deflected peripherally, -- 
but also the separation of the two parts by a narrow neck only 10, 
in diameter. B. cuspidatus shows the same distinct separation of 
the uterine duct and uterus-sac in the proglottides where there 


are already a few eggs in the latter. In Clestobothrium crassiceps 





gondi tions were found to be quite the same. When the lumen of the 
sac attains dimensions of about 60 x 35W and is lined with an 
epithelium which takea the conteratain more like a cuticula but 
shows distinot nuclei on its surface towards the lumen, the uterine 
dnot opens into it with a distinct reduction in diameter. The 
epithelia of the two are, however, quite similar and continuous, 
the nuclei being located insa similar manner in both. Progbttides 
ahead show that the sao is formed by an enlargement of the end of 
the duct, which takes place first in that region passing thru the 
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cortex quite as in Bothriocephalus. 
Thus we see that the uterus sac of this family is quite 


different from the functional enlargement of the uterus of the 
Diphyliobothriidae, with the exception of that of Haplobothriun, 
Since at all stages in its development it is sharply separated 
from the uterine duct. But as it was not so much this exact separ- 
ation of the two portions as thé constant presence of a "Uterus- 
hohle"® in this family and its absance in the other, where the 
*"Rosettenforn" is more common, that was emphasized by Luehe, and 
since the structure in Haplobothrium is distinetly ptychobothrii- 
dian in character, the funotional enlargement of the uterue oan not 
now be considered to be of such systematic importance as was 


formerly believed to be the ease. 


Subfamily 1. PTYCHOBOTHRIINAE Lushe, 1899, 


Soolex with two surficial sucking grooves, which may be 
modified by considerable growth together of their free edges. 
Genital openings surficial, those of the cirrus and vagina dorsal, 
that of the uterus ventral and ahead of the other two. Vas deferens 
strongly coiled, dorsal. Ovary ventral3 shell gland dorsal. 
Vitelline follicles ususlily in two lateral ficlds in the cortical 
or medullary parenchyma. Testes completely filling the medulla, 
mostly marginal to the longitudinal nerves which are well towards 
the median line. 


Occurrence : Exclusively in fishes. 


Type genus : Bothriocephalus (Rud.) Luehe. 
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The above diagnosis lacks the wor ds "seldom armed® 
after "scolex" which arpear in Luehe's latest (1910 : 24) charac- 
terization not only of this subfamily but of the family, because 
they do not appear in hia earlier (1899 : 41 and 1903a : 336, 


respectively) papers, nor does there seem to the writer to be any 


occasion for their use. 
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Genus 1. Bothriocenhalus Rud.1808,e.p.Luehe 1899, e. p. 


Taenia (part) Auctorum, 
Rhyteiminthes (part.) Zeder, i800. 
Alyselminthus (part.) Zeder,1800. 
Rhytis (part.) Zeder, 1803. 


Bothriocephalus (part.)Rudolphi, 1809. 
Bothriocenhalus(part.) Rudolphi, 1819. 
Dibothrius (part.) Rudolphi, 1819. 
Bothriocephaius(part.} Leuckart, 1819. 
Bothriocephaius(part.) Dujardin, 1846. 
Bhoothriup (part.) Diesing, 1850. 
Bothriocephalus(part.) Baird, 1853. 
Dibothrium (part.) MOlin, 1861. 
Dibothrium (part.) Diesing, 1868. 
Bothriocephalus(part.) Carus, 1885. 
Bothriocenphalus(part.) watz, 1891. 
Bothriocephalus(part.) Ariola, i896. 
Bothriocephalus s.str. Luehe, 1899. 
Bothriocephalus(part.j Ariola, 19090,°9. 
Bothriocenhalus s.str. Braun, 1900. 
Bothriocephalus s.str. Luehe, 1910. 


Generic diagnosis: Scolex elongated, with two only weakly 
developed sucking grooves. Neck absent. Lxternai segmentation 
well developed; between two consecutive genitai segments there is 
always present a sav-tboth notching of the iaterai border, yet a 
corresponding transverse furrov on both surfaces if sometimes 
lacking. Vitelline follicles in the cortical parenchyma, contin- 


uous from proglottis to proglottis, as are the testes. Recepta- 
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Beginning of the uterus a winding canal 


UteruS-opening approximately me- 


dian, as is the dorsal genital opening. 


Type species: Bothriocephaius scorpii (iiueller). 
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i910 Bothrioc. bipunctatus Luehe 1910 : 26. 


Specific diagnosis: With the characters of the genus. Large 
cestodes, up tp 950mm, long by 6mm. wide. Scolex,large,elongate, 
with prominent terminal disc, widest anteriorly; Length 1.0-3.5mn., 
breadth 0.5-0.5. Bothria long and narrov, shallow posterior ;, 
First segments subcuneate with weakly prominent posterior borders, 
longer than broad. Middle and posterior Segments much depressed, 
former very short and broad, latter relatively less so and grouped 
in twos or threes; lateral bdorders crenulate. Ripe progiottides 
2-4mm. wide by 0.2-0.8 long. Strobila usually incomplete poster- 
iorly. 

Cuticula Sin thickness. Calcareous bodies 15 in diameter, 
Inner longitudinal muscies in fascicles. Six chief longitudinal 
excretory vessels. 

Opening of the genital cloaca at the bottom of a dorsai medi- 
an longitudinal depression ruuning thmuout mature segments, ona 
low papilla in each proglottis and half way betweeh the anterior 
and posterior borders. Vaginal onening immediately behind that of 
cirrus, Distinct ductus hermaphroditicus present. 

Testes subspherical, 55-70 in Giameter and 50 tO 60 in num- 
ber for each segment. Vas deferns a compact mass lateral to cir- 
rus-sac and opposite the uterine tube, 0.18 x 0.10mm, Cirrus-sac 
at right angles to dorsal surface, 115 x 120 x 75-808 , extending 
only a short distance into the medulla; thick layer of nuclei 
vithin its wali. Cirrus proper,notprotruded, 65 x 15», 

Ovary compact, tubulolobular, O.35mm. wide by 6.15 long 
where uterus-sac is not greatly distended. Isthmus onlyventral. 


O@capt S5u in diameter. Viteiline foiiigies in two lateral weak- 
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ly united fields on each surface, 350 to 540 in number, 55-554 in 
diameter; vitelline reservoir small. Sheil-gland large, 115m wide 
by 0.85 deep, median, close behind cirrus-sac, Uterine duct vaodu- 
minous on both sides of the median line, closely applied to ovary 
behind. Uterus-sac spherical to flattened anteropusteriorly, 6c- 
cupies one-sixth of transverse diamter of proglottis, alternating 
irregularly from side to side, or often quite median, Opening in 
middle of sac, ventral and well forward, formed by: the rupture 
of a distinct membrane. 

Eggs, 66-80" in length by 45-45 in diameter, without opercu- 
da, forming dark brown maculations in ripe progiottides as they 
show thru the walls of the uterus-sacs. 


Habitat: In the intestine of the host. 
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As shown in the table of measurements given below aost of 
the specimens of this species ranged in length from 50 to 240mm., 
while none were considered to be complete posteriorly. The smallest 
measured 28mm. in length and the largest 677m. The scolex 
assumes a variety of forms in preverved material, but agrees in 
-general with the descriptions of the organ for B. scorpii by all 
the authors from the time of Rudolphi (1810 : 51). Its commonest 
shape is shown in Figs. 38 and 39 where it is seen to ne quite 
elongated, somewhat broader and truncated anteriorly and narrow 
posteriorly. The anterior portion is in reality in the form of a 
low pyramid, comparable internally (vide infra) a3 well as extern- 
@lly with the termina|\dise of the Sathedvaherbaets Its base is 
deeply indented dorsoventrally, that is opposite to bothtia, but 
rounded laterally. The whole acolex is broadest at about its 
middle and naroowest at its posterior end, a portion of which is 
here considered to we Neghentoge of the first segment on account 
of its being in all the material at hand set off from the rest of 
the scolex ahead by a more or less definite groove. The bothrium 
is in the form of an elongated V, being ordinarily widest and 
deepest just behind the terminal dise and much narower and shallow- 
er posteriorly where it is not bounded by a definite wall but 
spreads out on the base of the scolex. In many specimens, however, 
the scolex is so contracted and the walls of the bothria so pro- 
truded that the latter shows its greatest depth at the middle of 
the scolex. In lateral view (Fig. 39) the s#olex is more oval 
in outline and a little wider towards the base. From this fact it 
ie conceivable that Muelier's (1784a) Fig. 7 showing a more 
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"orbtoular" scolex in B. scorpii in iateral view may be explained 
by suprosing that he was dealing with s much contracted specimen, 
altho in justice to the other side of the question, it must be 
gaid that the first segments in his figure are by no means con- 
tracted. It will be noticed that the figures of the scolex given 
here agree very closely with that of Seott (1909 : Fic. 3, Pl. V), 
altho from the fact that he records B. scorpii as having been 
found in Anguilla vulgaris, it is quite possible that he had in 
reality B. claviceps (Goeze) which has been found only in eels up 
to the present, 30 far asa the writer is aware. 

Segmentation begins immediately behind the seolez, so that 
there iano true neck, altho the base of the scolex has the 
appearance of a very short neok region from which the foremost 
segments are out off as goon as they form such in facet being con. 
sidered to be the case. The anterior part of the strobila, however, 
serves the purpose of a neck in that it shows 2 division into sub- 
segments in a manner to be presentlp described. As regarda the 
habit of the whole strobila and the general shape of the segments, 
Rudolphi's (1910 : 51-53) desoription of the species is so appli- 
eable to this form that it is given verbatim: 

"Collum nullum. Corpus planum, margine 

orenato. Articuli capiti»proximi plerumque long- 

issimi, augustissimi, subcuweati, margine postico 

untrinque parum exstante, saepe tamen, praesertim 

post mortem, contracti, ut reliquis vix longiores 

apparent. Articuli insequentes anticis breviores 


et sensim latiores; postici subsequales, fere 
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quadrati, utplurimum latiores quam longi, interdum 
quasi ex duobus tribresve confusis compoaiti, satis 
magni, margine obtusiusculo hino inde inciso. Ar- 
x ticulus ultimus obtusus. 
Lines utrinque longitudinalis articulos majores 


perourrit. Inter utramque faeturae apparatus." 


Leidy (1855 : 444) described the strobila of the B. soorpii 
which he found in Platesa plana as follows:"Neok none. Anterior 
aegnents oaneate or triangular; posterior ones quadrate; each 
with an appearance of three subdivisions, with the subsegnents 
having a pair of generative apertures, in the course of a longi- 
tudinally depressed dark colored line, passing the length of the 
vody, "; which Cabbold (1858 : 157) said of individuals from 
Cottus, bubalis: "Toward the lower part of the s0-called neck, the 
joints exhibited at the lateral margins indications of division, 
which beceme gradually more defined towards the tail." In the 
game connection Krabbe (1865 : 37) said that, according to Sebh- 
richt, "Pendant leur développement ultdricur, l'sugmentation du 
nombre des articles n'est pas toujours exclusivement due, comme 
chez les Taenias, & la formation de nouveaux articles engendr¢s 


par la téte, mais chez quelques espbces, telles que les B. gubius, 





varisbilis et fasciatus (here B. punctatus also) elle est encore 
produite par la division transversale qui s'optre dans les articles 
a¢ja formes." Olsson (1867 : 55) also referred to multiplication 
of segments by transverse division of older onea. Loennberg 

(1891 : 53) denied this statement of Olsson's, but as pointed out 


below the negation is applicable to the posterior mature segments 
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of this form at least, not to the middle segments referred to by 
the latter. Linton (1890 :773) said: "Secondary segments appear 

at about the twelfth segment from the head, These are formedoy 

&@ division of each segment into two by means of a médianntransverse 
iine. This is repeated farther back in much the same manner as 
described under D. microcephalum." In this form such subdivision 
of segments to form daughter segments waa found to occur all along 
the strobila from close behind the scolex to well into the region 
showing the median row of reproductive rudiments, and in such « 
manner that, in the anterior part of the strobila at least, what 
was considered to be a primary segment, situated between the most 
prominent transverse furrows visible, nn subdivided into 3, 4, 
8, 16 and finally 32 divisions, each ef the latter accommodating 
two reproductive rudiments. But it must be emphasized that this 
method of formation of new segments is only approximately followed 
out since, ag it passes backward in development, the primary ség- 
ment does not always contain 64 genital rudiments, deoause in the 
first place some secondary or even tertiary transversefurrows be- 
come almost as prominent as the primary ones, and secondly, because 
at the same time there is considerable further subdivision not only 
of the peripheral tissues but especially of the rudiments them- 
selves. Close behind the scolex the primary segments are very short 
(Fig. 38), the first six to ten being divided only into two aub- 
divisions in strobilae of moderate size, but into three or four 
subdivisions in the largest chains. Farther baék this more or less 
regular manner of segmentation takes place gradually, but division 


is usually seen to ooour more readily and quickly in the anterior 
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part of the primarysegment or of its major subdivisions, i.e., 
secondary or tertiary, than in its posterior part, -- sometimes, 
however, the reverse being the case. Thus in general there is a 
sort of dominanee of the anterior end of the segment, which one 
might osl11 a zooid in the sense in whish Child uses the word, over 
its posterior end as regards metamerism. While this method of 
formation of segmenta is further obscured by the fact that often 
one seema intercalated among primary segments, showing these 
features well, others which seem to lag behind in division and 

@re henee younger, and that in much elongated strobilas it is 
still more difficult to dintinguish between primary and secondary 
transverse furrows, owing to their peing quite smoothed out es- 
pecially medially, the whole plan is sufficiently clear to warrant 
its being described with the definiteness here given. Pigs. 40, 
41 and 42 will give 2 better idea perhaps of the whole néthed of 
segmentation than thie description. While in Fig. 40 the primary 
segments are indicated by asterisks, in Figs. 41 and 42 the whole 
drawing ig in each case that of a primary segment. Under the 
heading of the reproductive aystem below it will be seen that in 
the mature portion of the strobila the most prominent transverse 
furrows are described ag coming approximately every eighth or six- 
teenth genital segment. Thia is due to the fact that the secondary 
and tertiary furrows, respectively those dividing the primary seg- 
ments into two then four parts,become quite a3 pronounced ag the 
primary ones, thus making it impossible to follow this system of 
segmentation beyond the region of differentiation of the genital 


rudiments. 
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At least three prominent longitudinal grooves run thruout 
the median and posterior portions of the etrobiia on each surface, 
even cutting thru the posterior borders in many places, but their 
course is not regular}; they are ascompanied by numerous other 
shorter and nore irregular grooves}; #11 of which, however, do not 
seem to be due simply to lateral contraction of the segments, The 
following table gives a list of measurements of representative 


specimens in alcohol from the material at hand. 


Rumber of specimen 196,12 196.2 196.3 196.4 197.198.1* 198,2* 
Total length 234 173. 208 Bl, 677.833 480 
Length of scolex 1.20 1,07 0.81 2.141.221 5.00 0.85 
Breadth of terminal dis 0.50 0.33 0.26 0.33 0.28 0.29 0.27 
Breadth at middle 0.35 0.33 0.50 0.37 0.32 0.12 0.28 
Breadth at base 0.38 0.87 0.24 0.35 0.26 0.11 0.16 
Length of Seg. I 0414 0.16 0,09 0:38,0,33 1.88 0.44 
tength of Post. Seg. 0.85 0.46 0.357 0.57 ? 0,54? 0.81 
Breadth ef same 1.83 1.18 0.537 0.98 ? 1.70 0.99 
wiximun breadth of 


atrobila 3.50 1.60 1,05 1.87 3.35 2,80 © 2.61 
“Stretched during fixation. ; 


| Since Loennberg (19891 : 52) deseribed the cutioula of the 
species there has been no mention of thia tissue in the literature 
30 far as the writer is aware, In sections it was found to be Sp 
sn thickness ani composed of two laycrsa, the outer of which is 
about two-fifths of the whole thickness and is made up of rather 


stout, closely set "oirri" which atain much more readily than does 
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the inner more homogeneous and lighter layer, These oirri seem 
to lie on a diatinet membrane since their proximal (sentral) ends 
are all even and distinguishable in aome places as dark granules. 
In sections stained more deeply than those which show the inner 
layer a9 a aipgle homogeneous stratum, the latter is divided into 
two layers, the outer of whieh ig less deeply stained than the 
inner and about one=half as thick or one-fifth of the thickness of 
the whole outicula. The wavy nature of the outiculsa and the bage- 
ment membrane were found to be as described by Loennberg, but in 
many places the membrane isa aeparated from the cuticular muscula- 
ture by a very thin clear space barely distinguisheable with high 
powers, The scuticula covering the soolex was found to be about 
4u thick, the difference between it and that over the prorlottides 
being due to a thinner homogensous stratum. The outer layer of 
the cutioula ia not modified to form apinelets on the posterior 
borders of the proglottides, as in C. orassiceps (vide infra), nor 
on the edges of the terminal disc, but the pseudocilia are somewhat 
longer ani relatively stouter on the scolex and anterior segments 
than elsewhere. 

The sudouticula, from 25 to 50 in thickness, has the 
nuclei of its spindle-shaped cells arranged at various levels 30 
that the space between the cutioula and the vitelline follicles is, 
excepting for its outer one-third, well filled with them (Fig, 43). 

The chalk-bodies,described by Loennberg were not studied 
in living Saterial, but spherical spaces which were occupied by 
them before they were dissolved out by the acetio acid of the fixing 


agent, were found to be more numerous, as Loennberg stated, in the 
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gortioal than in the medullagy parenchyma, In the sgolex they 
are somewhat more numerous than in the strobila, in both of which 
locations they attain a diameter of 13. 

Loennberg (18@1 : 53) gave 3 good description of the mua- 
culature of the species, while Luehe (1897a ; 747) referred to that 
ef the postcrior border of the proglottis in the disoussion of the 
arrangement of the muscles of the whole order. In adiition to 
corroborating the findings of these avthors it was noticed that 
the fibres of the transverse series are mostly confined to the very 
short regions between the sete of reproductive orcans and are most 
Rumerous just ahead of the prominent sermental furrows mentioned 
above, this applying to both the inner ani outer lots. Towards 
the medien line ach layer of longitudinal musoles is about 35 
in thickness and composed of bundles of various sizes in which the 
fibres are very clossly arranged. The outer longitudinal musoles, 
the extension of which into the poaterior borders of the seguents 
immediately behind the scolex are only weakly developed, are con- 
fined in the scolex almost completely to very thin bands situated 
close to the cuticular musculature in the edges of the bothria, as 
described elsewhere by the writer (1914b ; 93) for H. giobuliforme. 
There is also a weak series of longitudinally arcuate fibres ar- 
Tanged around the e@ses of the terminal diso a6 in the latter. 

Loennberg (1891 : 54-56) described the nervous system so 
well that little needs to be added. It was noticed that the fore-+ 
most four large branches from the breinamplex were not relatively 
as large as those shown in Loennberg's Fig. la, and that the com- 


missure appeared to be divided into two not distinctly separated 
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frontal strands, the whole depth of which, including the spece 
between them, was not as much as that shown in his Fig. lc. Tn 
the strobile the chief nerve strands, each from 15 to 25» in 
diameter, were foynd to be situated towards the ventral side of the 
medulla and at the junetions of the lateral and median quarters of 
the latter, as sbown in Fig. 43. 

The excretory system of B. gooxrpiil was deseribed in detail 
by Fraipont (1881 : 6-13), while Loennberg (1891 :53-54) added some 
further notes on its structure, the former, however, working on 
living material in which the canals are much more readily seen. 

In good toto preparations the "eanaux deseendante" may be easily 
geen in segments showing the reprodhetive rudiments ag well as 
farther forward. Owing to a mere ucoident, temporary preparations 
were made with more or less conatant success, showing the details 
of the reticulum of deacending canals in great detail. When some 
pieces of a satrobila were being traneferred from synthetic oil] of 
Wintergreen to a slide for the preparation of toto mounts by the 
further addition of xylol-demar, they suddenly be@ame opaque white 
and remained so for some time after the damar and cover-glass had 
been added. This opacity was found to be due to air having been 
G@rawn into the exeretory canals not only thru their out enda but 
thru the foramina scoundaria. But since the superficial reticulum 
and ali the finer oanale were filled with air, nothing of the ar- 
rangement of the larger canals could be made out until a short time 
had elapsed or until the preparation had been heated slightly. 
Then the air in the smaller canals became replaced by the xylol- 
damar or become dissolved in the latter, and the larger-canals 
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stood out as very distinct silver threads. This sort of pre- 
paration is unfortunetely not permancnt, since oafter a few minutes 
all of the oagjols disappear, exoep ting the largest which can still 
be followed as in ordinary toto mounts. The results of thia some- 
chat unoertain method of demonstrating theexeretery canela are 
shown in Fig. 44, @ camera lucida drawing made while the oaials 
were quickly disappearing from view, Three of Praipont's large 
"oanaux descendants” can be seen together with much of the anas- 
tomes among them and at least two branches to foramina secundaria, 
The largest and mo@t median canal was found to have a diameter of 
5Qe. But contrary to what was stated by Fraipont (1881 + 9,;11) 
only eix of these main channels were found close to the ventral 
layer of longitudinal muscles in the meduallary parenchyma and not 
gix for eaeh face. Loennbsrg stated, correctly 1% seema to the 
writer, that their number is very variable aa ia their size and 
course, the whole forming a complicated reticulum showing the 
typical “"igland formation". As regards the termination of the ex- 
eretory vessels at the posterior end of the strobila the writer was 
able to gonfirm Fraipont's 1881 : 10-11) statement that: "Chez un 
sujet qui a déj& perdu des proglottis, lea grog canaux longi tudi- 
naux sont rompus au niveau du bord libre postdérieur du dernier 
segment. Les uns communiquent direetement avec Ltextdérienr, les 
autres ne sont renfermés et se terminent en aul-de-3a0;" but no 
cases were met with in the material at-hand in which it sould be 
considered that no segments had been lost. Towards the seolex the 
@ix vessels gradually come closer and closer together until in the 


firet segments they may appear for short distances in two sets of 
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three each, dorsoventrally situated, but soon again become lost 
in their anastomases, Entering the scolex four, three, or two 
main canals may be seen, but here they cannot be followed as such 
thru many sections since they soon dreak up into the reoitulum 
mentioned by Fraipont as ramifying thruout the scolex. 

Of the generative organs the earlicst writers were able 
to discern only the external openings (“oscula® and the uteri 
which, ghowing their contained dark brown eres thru the body wall 
as a2 longitudinal series of dark punctations, gave origin to the 
apecific names of Zeder (1800) and Rudéiphi (1902 and 1910). Con- 
cerning these characters Mueller (1788 : 6) wrote as follows: 

| "Margines corporis depressi intersectione .- 
articulorum orenati apparent; oscula in antcrior- 

ibue articulis nulla adsunt, in postcrioribus vera 

altera in pagina pori in macula albida nigriocantes, 

in altera papilla alba subclevata, punotague seu 

giobuli utrinque dispalati, qui ovula. OQOsoula seu 

pori non seriem rectam in corpore. Taenise sed 

hine et illine divergentem constituunt, alterum in 

centte artiouli, alterum in intersectione constitu- 

um. Articuli poatici reliquis latiores punctis 

utrinque dispersis medio autem coacervatis papillu- 

lamque exhibentibus repleti sunt; harum coacervatio 

Coulo nudo punctum centri nigrum offert, armatus 

vero ovula seu gliobulos e membrana ovata puliucida 

punctulia nigricantibus impleta eonsatantes discernit". 
Rudolphi (1810 : 50) deseribed them in these words: 





OP mF UE ey Ae eR a 
ee Sa "4 : ¢ : ' 





«cod  SYORCL bee 800.) ) Raqtdnont btw (ocen} robes t0® 


stoi /e . eimo htoeeretnt becencet aitedres sontgrak® id 


















ont 50 , sonst ae unten: edz mineral . | 
sous: ba bevoLlo® ok Ponuas yods: ted. fod mmiailaale ees at ‘s 
nututtos: _re oval qu dey mone Yedt aoate eoottoes. yaaa. ut 

! neloow vat tucmrents panyt inlet e) raoqsiie 1d benod 

efée exe pretiiy tec biase od? enegte: ww itareasg ett a + 
oo mat fav *eluneo? ) egatne 10 Leaevene ade eth v1 a 

Lise ptm’ ‘ostt wil? whys email heat. hoatetnoe ‘eto one ‘ 4 
Pot ats fo S¥8R sono ttatoney dca To notte’ Sam 


fewofict ss etote (8 7 Bat £) tefiout axe tonraip: os 


a & 
of 


i" 7 
Se gon te Be >) 
y 


gad sco diate nt é aluceo phoexedee Manet “mare o Lisp 2 
weer eudirotaeteoy af .Toueba aiion etiwotew « 
“ y@eterad begin ablidla aluoam mt 2109 watgen ab 
| ree expat png wdovelodur adie eiltany aretha 


Ad al a 
aa 


< tte pigoeO > iatuvo Lup s ttatege 2h ‘oupal 4 















7 2 = 


4¢ dde valovaT ipsteqros al watoes we Bae sou 2108 
ai meperie taut anoe mptasyeer th odkIh to ¢ 
~ot ttottos bio tf 00R etal a auroet ic: « Biap bee. sem 


ie i 


eee v2 5 tvek @tupt{er bottoug: ibiwone te Ne 


pees 


»] 
-ulCloag @itevsso200 wetue. olhew of veqe Lay cup suey (a 
oliaviepsey mrad ylape itolqes out ttned Méxe eupast 


>. 
autemia , treet Io eee”: ewtonsy chun olvee c, 
2btcvlleag steve. sieecasa 6 volsdoly wee stnecteiae) 
th godasteges wr oLqat aud ttre trgia entwtonua 
tnlow saad? at wordy ss ahead ger t4 Rs. ae 


ae '. by 
j > iy 


, ‘3 OF ir Cee 


165 


"Singuli enim articuli in superficie 

dorgali nodulum orbdioularem, simplicem vel dupli- 

cen, subelevatum, vel albidum vel fuscescentem 

ant nigrescentem exhibent; in superficie autem ven- 

trali noduius simplex vel duplex, pariter, sed 

minus, exttans, quasi perforatus videtur; corpor- 

eque pellucido nodulis illisa linca corporis media, 

plerumque tamen irregularis oritur. MWoduli aperti 

ovaria sistunt, oviague ellipticis mediocribus re- 

ferti sunt, hace etiam saepe ciroa eosdem effusa 

sunt." 

From these descriptions it is to bé seen, incidentally, 
that while Mueller made correct observations concerning the rela- 
tions between the positions of the genital openings and the trans- 
verse furrows mentioned above, Rudeolphi — the ventral 
surface to be that on which the openings of the cirrus and vagina 
are gituated and the dorsal that on which the uterus opens to the 
exterior. Van Beneden (1850) seeme to have been the first writer 
to describe the anatomy, with, however, some errors of interpreta- 
tion as pointed out by Loennberg (1891¢e), After Loennberg's the 
best and practioally the only description of the genitalia was 
given by Matz (1893 ; 105-103), ariole (1900 : 394-7) and Luehe 
(1910 : 25) obviously copying in part at least from him, 

The earliest traces of the reproductive rudiments appear 
in toto mounts of this form about 35 to 40mm. from the tip of the 
gcolex. From thie region backwards they increase in sige, but 


30 siowly that in large strobilas there may be an intervening 
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stretch of at least 225mm. before the genital ainus appears. 
Then the rudiments differentiate very quickly, the first eges 
appearing in the uterus-3ac about 3am. farther on in one toto 
mount made. In the largest strobila at hand (no. 197 above) the 
first genital sinuses were seen, when the worm wag examined in 
aleohol, about 375mm. from the tip of the scolex and the first 
traces of eggs showing thru the ventral body wall about 3Omn, 
farther on. 

Van Beneden (1850 : 162) seems to have ben the firat to 
mention the relations between the external segments and the sets 
of reproduotive organs. He said: "Dane chaque anneau, il y a 
deux on trois appareils males et femelles completa 3; je pense que 
ee@ anneaux se divisent encore plus tard, de mauiere & ntavoir 
plus qu' un appareil dans chaque animal," -- (the "animal" is 
evidently a misprint for "anneau"), -- and further in hia footnote 
referring to the superscript after "completes": "J'ai vu des anneaux 
qui en contensient jusqu’s Six." In his Fic. 4, Pl. XXI, he 
showdd four parts of the strobila containing evidently three or 
four sets of reproductive organs in each segment, with the latter 
subdividing so that two sets appeared in each subsegment in the 
fourth part of the ficure. Leidy (vide supra) described the pos- 
terior segments of B. soorpii as " ... quadrate; each with an 
appearance of three subdivisions, with the subsegments having a 
pair of generative apertures, in the course of a longitudinally 
depressed, dark colored line, passing the length of the body.* 
Linton (1890 : 733) referred to "the phenomenon which the posterior 
segments present of being welded together in groups of three or 
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four, an appearance which is quite characteristic of the posterior 
segments and which has been alluded to in various descriptions of 
the species," while further, in connection the apertures of the 
reproductive organs: "In the middie of the strobila there sometimes 
appear to be ag many as four or more papillae to a single secment, * 
end with reference to the specimens from Laphopsstta msoulata: 

® 4... toward the posterior end of the body the adult segments are 
arranged in groups of from four to six simple segments, as if the 
latter were partially fused together, which is another ch@@zcteris- 
tic of this species." From these statement and the further fact 
that the posterior proglottides have been described as trapezoidal 
(Stossich), quadrate (Rudolphi, Linton), subquadrate (Diesing), or 
at most, broader than long (Rudolphi), -- actually «bout twice as 
broad ag long from Linton's (1890 ;: 752, 734) desoription, --~ it 
te evident that the groupe of four sects of reproductive organs 

(much less freguently three,: five or six) ahown here in Fige. 42, 

45 and 46, and sepsrated from each other oy grooves which in alcoho- 
lio material appear to be completes, have been congidered to consti- 
tute the ripe proglottides. But, as pointed out by Loennberg, 

the lesser transverse furrows are only “greater wrinkles or foldings 
of the surface" and do not cut in deep snough to cause the parts 
immediately ahead to stand out distinetly like the posterior borders 
of the proglottides of other species, @.g+, QO. orassiceps. Such 
posterior borders, with their acoompanying “oomplete" transverse 
furrows, do ocour, however, but only at considerable intervals. 

One case is shown in Fic. 47, where it will be noticed there ia no 
guch distinot separation of the proglottis from the next one ahead. 
So 
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So far aa the writer ia aware, this has been pointed out only by 
Luehe (1910 : 35) when he said: " ... in reifen Gliiederstrecken 
liegen awischén zwei vollig durchgehenden, aber auch nur wenig 
hervortretenden oberfldchlichen Querfurochen in der Regesl 16 sehr 
kurze Genitalseguente, die ausserlich voneinander nur durch 
Zackembilidungen des Seitenrandes geacheiden aind." In this con- 
neotion it should also be noted that in his description of 
Fimbriaria fasciolarig (Pallas), s taenioid from various water 
birds, Wolffhigel (1900 : 94) remarked that it is comparable to 
B. soorpil in that fine bis ins aussergew0hn1i che geatiegente 
Angahl von Geschlechtsapparaten in einer Proglottis Zich folge.*® 
In a considerable length of one toto mount of thie form 
there were found ahead of and including the region of differantia- 
tion of the reproductive rudiments the following conseoutive number 
(from behind forwards) of zenital segments between the most pro- 
nounced tranaverse furrows, that is in the primary segments in 
question: 67, 82, 101, 107, $0, 111, 116, -- using ag the criterion 
of a genital segment, especially ahead of the region of differen- 
tiation, the aggregation of nuclei in the median line which will 
go to form the central organs and ducts of the system. But there 
ig much difficulty in making these counts on account of rudimentary 
or intercalated groups of nuclei which, judging. from conditiona to 
be seen in theregion of differentiation, may or may not form complete 
acts of cenitalia, and above all of the further subdivision of 
many of these rudiments, which otherwise proceeds in quite the same 
manner (Fig. 42) ae that of the external segments in the anterior 
part of the strobila. Furthermore, there may often be seen either 
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in the anterior part of the region of differentiation or much 
farther ahead (Tig. 43) a lateral doubling of the developing 
genitalia, But singe no gase wa3 met vith of two sets of repro} 
duotive organs in a ripe genital segment, it waa concluded, es- 
pecially because of the great infrequenoy of this duplication, that 
one or the other rudiment eventually geta the upper hand and 
develops at the expense of the other. This is borne out by the 
fact that in half the oxsea one rudiment wags much larger than the 
other. The above mentioned groupa of rudiments were found to be 
Givided and subdivided by lesa and less pronounced transverse 
furrows in the following manner: 

87 83 : 101 
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24419 10414 14421 18413416 16414412413 20412415 
This ocontineed until eventually the groups of four (or five, rarely 
9ix) sets of genitalia of the amthora could be made out. But 
these were seen to be divided into two groups of two sets eaoh, 30 
that esch lateral orenulation corresponded to two (or threes) of 
these, 1.e., to the 1<38nd division described above (Fig. 33). In 
ripe segments this arrangement may obtein or the segment may divide 
again peripherally, so that each erenulation then corresponds with 
one set of genitalia (Figs. 45 and 46). The latter figures show 
that "complete" transverse furrows are present between every 8 or 
$ (sometimes 7, or apparently even 3, 4, 5 or 6!) genital scoments. 
However, other more relaxed strobilas in alcohol showed complete 


furrows only every 15 ot 17 acta of genital segments, these often 
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being 2 group of 5 instead of the auch more common group of four, 
but in the game neighborhood of the Strobila just aa complete 
grooves every 3, 39 or 10 sets. This shows that 2 grouping of the 
genital segments into lotsa of approximately 15, as mentioned by 
Luehe (1910 : 35) is not at all regular and oan soaresly be said 
to occur even *as a rule*, 

The genital sinus isa situated on a low pesAlia. (Fiz. 47) 
on the dorsal surface and in the median line from one half to two- 
thirds of the length of the genital segment from its anterior 
border, while the uterine opening on the ventral surface is located 
mugh farther forsvard even at the bottom of the groove correspontling 
to the indentation of the edge of the s*roblia, separating the 
@renulationa mentioned above. The sinus itself is circular in 
outline ani from 40 to 45» in diameter by 15 to 30h in depth. 

At ita bottom the cirrus and vagina open close together, the latter 
immediately behind the former, thru a secondary sinus or ductus 
hermaphroditicus, the walla of which are often found protruding * 
thru the opening of the larger vestibule as if to form part of a 
functional cirrus (Fig. 47). 

The testes are arranged in two lateral fiels in the 
medullary parenchyma, a3 pointed out by Loennberg, and are ogontin- 
uous from segment to segment, altho they show some tendeney towards 
division interproglottidally. The number was given by Matz (1892 : 
106) ag about 76, with their size as 40, 80 , but here it waa 
found to be 30-60, while their size was 35 to 70u, 30 being the 
commonest measurement. The vas deferens, filled with sperms, forms 


@ sompsot masa of coils about 0.18 x 0.10mm. in size, lying 
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irregularly to the right or left of the uterine duct or slightly 
behind the sao and immediately alongside the cirrus-sac, a3 ghown 
in Fig. 48. The ductus ejacuistorius portion of the vas defersne 
within the girrug-sac, that is, that part occupying the lowermost 
one-third of the latter, hag s diameter of 4 to 6u. The widdle 
stretch of the duct often expands to lay, while the distal part, 
the cirrus proper, has & maximum length of Gip with a width of 

l4p . Matz gave the dimensions of the organ (? the ceirrug-sace) 
ag 100 x 50y. The outicula lining the cirrus is paeudociliated 
on ita inner (functionally euter) surface, somewhat aa is that on 
the external surface of the worm. The eirrus-sac is located at 
right angles to the dorsal surface (Fig. 47) and extends only « 
short distanoe into the medulia, ag eompared to other specics. It 
is ovoid in shape, with the narrower end towards the cloaca, and 
115-1320 in length by 75-60 in diameter, Its wall is composed of 
am inner thick layer of cirmlar muscle flores and a very thin 
outer layer, the fibres of which are dircoted somewhat obliquely, 
the whole being Bh in thickness. As pointed out by Loennberg and 
shown in Fig. 47, the organ is peculiar in that ita wall is coated 
both externally and internally with a thick layor of nuclea which 
are doubtless mostly myoblastic in their nature. An deareqeides of 
muclei at the lower pole of thesac, surrounding the vas deferens 
and sontinuous with the layer of nucici on the outside of the 
pouch, scem to be too numerous to be considered ag myoblastic 
nuclei only. They do not seem to be mentioned sither by Loennberg 
ox Matz. Their arrangement would indicate that they are possibly 
prostatic in their eatures the whole structure having the appearance 
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ef a gland. Retractor muscles of the cirrus proper are so.rce. 
Thie faot taken in conjunction with the further fact that the 

wall of the sac is quite thick and powerful and that Loennberg saw 
only a short thick cirrus when pr@truded, would leni support to the 
view that the latter 19 quite small and not very importent ‘romp 
funetional standpoint. Gonesrning copulation in this species 
Loennberg said: "Es ist daher wahrecheinlich, daag die normale 
Befruchtung so vor sich geht, dxee das Sperma in den Sinus gonitalis 
hinsusgepresst wird, und devas entweder pasgiv durch die Kontrak- 
tion der Sinve genitalis oder aktiv durch eigene Bewegung in ite 
Vagina gclangt. So 7wohl die eine ala die andere Weise scheint 
recht miglich zu sein, weil dic Mindung der Yagina gunz newen der- 
jenigen des Penis gelegen isat.* 

is The vagina opens into the duetue hermaphroditious close 
behind the cirrus, and from that point passea cloge along the cirrus 
930 to its lower end, and then turns back to pags over the ovarian 
iathmus and into the generative space, Ita diameter is lou, while 
its wall ia composed of a cutioule Spin thiokness and a thin layer 
of diroular muscles. Its outioula is retained until the point of 
union with the oviduct ig reached, where the lumen narrows dow 
suddenly to one half the former diameter (Tig. 49), ‘The ovary ie 
somewhat irregulerly "bisoult-shaped" (Fig. 43) situated clove to 
the posterior border of the segment or protruding slightly into the 
segment behind. It is composed of short tuvuler lobules of varying 
a@ize and has a width of 0.35mm. and a length of 0.15mm, In trans- 
seotions it 19 aeen to be "aoneave towards the surface bearing the 
genital openings" owing to the faot that the ventrally aituated 
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isthmus ic quite narrow and thick and consequently not well 
separated from the lobuler rings which extend thruovt the whole 
dorsorentral diameter of the medulla and also somewhat enfold the 
former posteriorly in the me@ian line. Ova from the isthms are 
154 in Qlameter, while their nuolel and nualeole averacre, reapea- 
tively, 7 and Su. The oocapt is quite muscular, and 35y in 
diameter, The oviduet proaeeds dorsally for a short distance only 
before it is joined by the vagina at 2 vestibule into which the 
oviduct iteclf opens (Tig. 49) by a narrow elit much as in ¢C. 
orassiceps. The wall of the 4ust is composed of an epithelium, in 
which no o¢li-boundarics could be made out, but rrovided with cilia 
directed towards the uterus. The oviduet continves dorsally for 

a short distance with the same structure and diameter, namely 

18» , to take on the vitelline auct dorsal to the anterior edce of 
the iathmus. The vitelline follicles are arranged in the cortical 
parenohyma in two lateral fields (Tie. 48) which are, however, 
slightly conneoted with each other dorsslly andventrally in the 
median line by 2 few isolated follicles. We larre follicle such ag 
that described by Matz in the neifhborhood of the ovary was seen in 
the material studied. The follicles vary somewhat in eize, but 
average 35 to SBA in diameter, are very closely crowded tocether, 
-=- a0 a8 to obscure in toto preperations the testes benesth them, -= 
ané continuous from proglottis te prorlottia. The latter faot 
makes it difficult, if not somewhat unnecessary, to stete the number 
for each genital segment, but, using Metz's method of multiplying 
the average number seen in transeotionse by that seen in Sagittal 


sections (here the average of several segments was taken), the 
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number wag found to vary from 350 to 540, or 440 on the average, 
Motz gave 490 a3 the number, Tyo main vitelline ducts proceed 
from ovposite sides of the zenital segment and unit in the sntero- 
dorgal portion of the generative space to form a very short common 
duot which from the amount of Yols it usually contains may act aaa 
vitelline reservoir, altho the same function is shared even toa 
larger degree by the much coiled and distended proximal portions 

of the separate ducts. A few gases were met with in which small 
ducts laden with yolk came from follicles olearly belonging to the 
genital gegment following. This conlition is, however, not sur- 
prising in vicw of the continuous arrangement of the follicles 
themselves. The diameter of the common duot at its point of union 
with the oviduet was found to be ebout 2. The very voluminous 
shell-glani is situated dorsal to the ovarian isthmus close behind 
the oirrus-3sac with a depth of 85y and width of 115». The 
uterine duct is quite oapacious since 1¢ 15 composed of may coile 
extending thruout the whole depth of the medulla immediately ahead 
of the ovary. Proximally it ia lined with a syncitial epithelium 
which distally besomes much attenuated, While it is usually 
situated in the median line it may alternate from right to l«ft as 
a whole according 23 the vas deferens does so on the opposite side 
of the proglottis, the uterus+s2¢ in such cases remaining in the 
m@dian line. As above noted, the uterus-saca were called "ovaries" 
by the early writers. They were seon thru the body wall to be 
filled with the characteristic dark brow eggs forming dark patehes” 
or punotations, henee the specific name s bipunctata and punctata. 


In this species the uterus-sace wore deseribed by Rudolphi, 
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Léndkar¢ (1819 ; 41), et al. a8 arranged tn 6 single row, in a 
double row, or alternating thruout the strobila, Here they were 
likewiae found to alternate irregularly from side to side (Fig. 46) 
Ceres ayy le Bp BR I RE Lyk ty By De 680s) Or to Be wore 
medially situated (1., m., li, M., Gs, Bra Me, Tey Ws, Fey Tey We, 
1., 1., t., H., ete.) tut never in tvo rows, excepting in a very 
few inmature cenitsl segments (Pig. 42), unless the alternating 
condition in much contracted atrobilas ia coneldered as auch, 

While the sac has a diameter of about 0.18mm, when the first eggs 
eppesr in its lumen, it may reach a length of 0.350m, and a trane- 
verse Siamcter of 0.23mm. ox about one-sixth of thst of the pro- 
glottis. The combined uterus-sac and uterine duct may in many 
Cases Occupy more than one-third of the width of the segment. The 
hindermost segments, in which the uterug-sacs may be gorged with 
egra to a diameter of 0.65mm., separate from the chain evidently in 
pairs, the lines of division taking place at the furrowa between 
the larger erethiattons mentioned above. No detached proglottides 
wore founé, however, free in the intestine of the hoat, altho 
Olsson (1967 ; 55) regorded having found such, while Veinland 

(1858 : 9) said that, according to Esohricht, the specice "which 
lives in the soulpin of the Baltic (Cottua scorpins) throws off ite 
Whole ghsain of joints every year, and then sends out © new one from 
the neok’. Like thet of the distal portion of the uterine duct the 
wall of the sa¢ is composed of a much attenuated epithelium from 
the begement mombrane of which the nuclei, separated by wide in- 
tervals, projeot into the lumen like bosses. The uterus-opening is 


situated ventrally in the middle of the uterus-eac, and with regard 
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to the external, segmentation either in the middle of the larser 
(double) segment or in the groove separatine it from the next ahead 
or behind, Ciroular in outline and 50. in ciameter, 4t is sur- 
rounded by an area of radiating nucle’, thought by Losnnberg to be 
possibly of the nature of 2 ciand for the secretion of a material 
of use in the passage of the ezgs to the exterior. The setual 
opening ia formed by the rupture of 4 membrane guarding the outlet, 
which has a thioknesa of from 15 to 30». (Sf. G. orassiceps), 

The fresh egg is ellipsoidal in shape, dark brown in color, 
and measures from 66 to 80y in length by 45 to 45 in tranaverse 
Gtameter. The shell was observed to be -bouvt 9 thick in living 
material and not provided with an operculun. No mature egrs show- 
ing the six hooks of the oncoaphere were mot with in fresh material 
in the field. 

Nothing wae discovered regarding the life-history of this 
form, not even possible intermediate hosts in the way of food 
gontents, for the stomachs 2nd intestines of the few sea-ravens 
examined were 221 found to be empty. Linton (1990 : 733) gave as 
the food of Lophopsetta maculata and Limanda ferruciwes, from which 
he recorded Dibothrium punotatum Rud., "several species of Annelids, 
fragments of qqitis, and saveral apeaimena of 2 aneociea of 
Yargarita.*. No specimens smaller than about 25mm. in length were 
odtained, so that the appesrance of the youngest strobila was not 
observed. Acoording to Ulinsky's abstract, Phlat (1906 : 191), 
working on B. scorpii from Raja clavata of the Black Sea (the only 
oase of the apecies having been found in a saclachian fish, 30 far 


as the writer 49 aware) eatablished the fact "dasa efine Larven in 
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den veschiedenen Fischen oder Tieren, welche von Rochen (Raja 
clavata) gefressen werden, sich befanden." 

From the foregoing description it is to be seen that this 
form is very closely related to the B. scorpii (Muelier) of Europe, 
altho in many respeots it is so different as to almost warrant the 
erection of a new species to accommodate it. However, on account 
of the fact that several forms of the European species have been 
reported, namely, B. scorpii forma bubalidis and forma moteliae by 
Loennberg (1889 : 32 and 1893 ; 13) and those from Rhombus maximus 
and Cottus quadricornis by Schneider (1902a ; 14-15 and 1903 : 
75-76), it was considered that here in America we have the sme 
species as has been found in Europe. And from a comparison of 
the messurements given above with those given by Leidy (1855 : 444) 
and Linton (1890 : 732, 734 and 1897 : 430), it seems that, little 
ag we oan rely on external measurements, they also point to definite 
differences of habit as this worm is found in different host 
species on this side of the Atlantic. 

In the gable given below under B. claviceps the important 
diagnostic data of this form are placed slonpide those of the Furo- 
pean species for the sake of comparison. 

The material studted consisted of lots Nos. 191, 196, 197, 
198, 287, and 288 of the writer's collection from the intestine of 
Hemitripterus americanus (Gmelin), No. 17.57 of the Coll. Univ. Ill. 


from the same host, and No. 17.56 of the same collection from 


Myoxocephalus ? geneus. 
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Species 2. Bothriocephalus claviceys (Goeze, 1782) 


(Figs. 50 - 55.) 


Vermis mualtimembris 
anguillae 


Taenia anguillse (part.) 
Zaenia claviceps 
Zaenia claviceps 
Zacenia anguillae 
Zaenia anguillae 
Paenia clavicens 
Rhytelminthus anguillee 
Taenia claviceps 
Zaenia anguiilae 
Bhytis claviceps 
Bothriocephalus clavi- 
LEDs 


Leeuwenhoek 


Mueller 
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Batsch 
Batsch 
Gmelin 
Schrank 
zeder 
Rudoiphi 
Bosc 
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hudoiphi 


Lamarck 
Rudolphi 
Leuckart 
Nitzsch 
Bellingham 
Dujardin 
Siebvold 
Diesing 
Baird 
Diesing 
Polonio 
Molin 


Diesing 


Olsson 
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1780 
1782 
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1790 
1790 
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1802 
1605 
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1816 
1819 
1819 
1824 
1844 
1845 
1848 
1850 
1855 
1854 
1859 
i659 
1865 


1867 
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136,472 
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iss5 Bothrioc. clavicesas Carus 1885 ; 120 
1892 Bothrioc. avice Matz 1892 : 108 
18953 Bothrioc. clavicens Olsson L893 ;: 16-17 
1896 Bothrioc. claviceps Ariola 1896 : 280 
1899 Bothrioc. claviceps Luehe 1899 : 43 

1900 Bothrioc. Glavicens Ariola 1900 : 593 
1902 Bothbriog. glaviceps Puhrmann 1902 : 441,447 
1910 Zothriog. glaviceps Luehe 1910 ; 25 


Specific diagnosis: With the characters of the genus. Large 
cestodes up tp 540mm. long by 2-5 wide. Scolex small,elongate, 
but usually found contracted to an almost spherical shape; 0,6-1,5 
mm. long by 0.3-0.5 wide at the middle. Prominent terminai disc. 
First sezments thick. short and crowded; middle,oblong; posterior, 
or ripe proglottides,usually 2mm. broad by 0.5-0.7 iong, often qua- 
arate. arranged in groups of two, between which the transverse 
furrow is not prominent, Other transverse furrows well marked. 

Cuticula 1-24 thick, Caicareous bodies very scarce, Main 
longitudihbal muscles not in bundles. 4-6 chief longitudinal ex- 
cretory vessels. | 

No genital papilla; genital cloaca funnel-shaped, midway be- 
tween anterior anc posterior borders of the progiottis. Vagina 
opens immediately behind the cirrus-sac; no separation betteen 
common cloaca and hermaphroditic duct. 

Testes large, subspherical, averaging 58p long, 64 wide and 


60 deep; 50 to 60 for each proglottis. Coils of vas deferens 
loose, close behind uterus-sac, 0.55mm, wide by 0.07 long. Cirrus- 


pouch eilipsoidal, 127-145 deep oy 81-104 in diameter,thin-wailed. 


Ovarycompact, 0.45-0.56mm. in width, 0.055 in Length by 0.ks 
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in depth; isthsus quite thick,ventral. Oocapt 30 Gn diameter. 

Vitellinefollicles not separated into two fields on either surface, 
450 to 720 in number, 45, 80,an’ 65yin length, width end depth, re- 
spectively; viteiline reservoir large,175 x 65y. Shell-gland pos- 
terodorsal, alternating irregulerty from right to left opposite the 
vas deferens. Uterine duct quite voluminous,between ovary and utCe- 
rus-sac. Uterus-sac transversely elongete, occupying one third or 
more of the transverse diameter of the proglotltis, usually larger 
towards the side bearing the opening; openings form e zig-zag ven- 
tral row. 

Egg, 58-63 long by 37-40 wide, without opercula; light in 
color, show only faintly thru the body-wall. 

Habitat: In the pyloric portion of the intestine of the hodt. 


Host Locality Collector — buthority 
Anguilla vulgaris ---------- Lecuwenhoek Diesing 1850 :590 

" WR. pe a pepe ' ” " 

® 3 Rennes Dujerdin Dujerdin 1845:618 

“4 - Patavia Molin Piesing 1863:241 

x ’ Onegasee,fuss- Fessler Schneider 1902:17 
ian Finlend 

; r Sinus Codeni Olsson Olsson 1 1867:56 

“ ' LeHallend,Swe- ” . FE on 
den 

. . Venice Ninni — Stossich 1891:8 

Ostsee,Werne- Braun Braun 1891: 55 
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Anguille vulgeris  <-----<+--<<- 9 ---<------- Vatz 1892:109 
. phe: Gonova Parona Ariola 1900:394 
ed i Nancy Prenant Zschokke 1896:818 
a P Konigsberg & Muehling Muehling 1898:35 
Memel 
“4 . Peninsula of Schneider Schnoider 1902:15 
Porkela,F inland 
s r Lake Garda,Italy Largaiolli Ariola 1900: 394 
acutirostris Ireland bellingham Bellingheml1844;251 
- Fe me Siebold,Coll. Baird 1853: 90 
Brit.Mus. 
Anguilla anguilla Germany = -=---<«== --- lLuehe 1910:25 
" migratoria ------------ Kroyer Stiles & 
Hassell 1912;124 
Muracna anguilla = -<----«-- --- Borke Goeze 1782:414 
. . Cryphsweald Pudolphi Rudolphi 1810:38 
a eee eee eee Kais.-konige= Leuckart 1819349 
nat'lkab 
. ’ Hiorp,Scania, Olsson Olsson 1893:16 
Sweden 
: y Lakes Halen & ? | ° : . 
Refunds jin,Jemt- 
land, Sweden 
. ' Ponen, Gulf of : oe ee aes 
Bothnia 
" cassini Naples Rudolphi Rudolphi 1819:472 
Anguilla rostrata Chamecook L. Cooper Cooper 
New Brunswick (the present paper) 
Eupomotis gibbosus Walnut L.,lfich. 4.8.Vard : 
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Since the earlier writers dealt merely with the external 
features of the species, their descriptions are of little com- 
parative value when the finer distinctions are at stake. In late 
yeare Arigla (1896 : 280; 1900 : 393), Luehe (1899 3; 43), Braun 
(1900 : 1676) and Fuhrmann (1902 : 441, 447) dealt with it from a 
systematic standpoint, and finally Luehe (1810 : 25) gave a short 
diagnosis, in plackng it in his latest classification of the group; 
but all referred back to the original and evidently only adequate 
description of the internally anatomy, namely, that by Matz (1892 : 
108-110). Here will be given only the most important apecific 
data of value for a comparison of the tore atudied with the de- 
scription by the latter writer, since the accompanying figures 
dilustrate many of the details sufficientiy. 

In the material from Eupomotis gibbosus ei1 of the anterior 
proglottides were found to be much booader than long, on account 
of the contraction of the strobilas, while those in detached pieces 
were from four to five times as broad as long, as shown in Fig. 54. 
Apart from Matz, Olsson (1893 : 16) and Luehe (1910 : 25) have 
noted secondary division of segments, while Dujardin (1845) ori- 
ginally said that "On remarque en outre que souvent les articles 
sont tellement unis deux & deux, que chaque couple parait n'enlfaire 
qu'un seul avee une ride transverse et deux appareils edniteaux 
l'unflevant l'autre." This pairing of the ripe proglottides 
(Fig. 54) is due to the manner of segmentation which was found to 
be like that described for B. scorpii, only quite regular since 
the reproductive rudiments aprear relatively farther forward in 


the strobila and seem to be more stable in development. Concerning 
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the arrangement of segments for this species Luehe (1910 : 35) 
said that, "Zwei aufeinanderfolgende Genitalsegmente ausserlich 
haufig nur vollkommen geschieden, indesasen fehlen durchgehende 
Querfurchen auf den Flchen nie auf so weite strecken wie bei 
B. punctatus." On account of the great degree of contraction of 
the strobila at hand, provided with scolisces, the primary sdgements 
were not followed with entire satisfaction very far beyond the 
scolex, but the first two were seen to be divided into four sub- 
segments each, -= the first one, shown in Fig. 50, including the 
four segments to the (*) at the side of the figure, -- with some 
indication of the next division which would result in eight seg 
ments to the primary segment; the third into eight, and so on. 
There were indications posteriorly, howefer, that the primary 
segment consists of at least 32 senital segments or proglottides, 
but as in B. scorpii the furrows separating sets of 16, 8, and 4 
genitalia become almost as prominent as those between the groups 
of 32, while even those separating pairs are not as faint aa Olsson 
(1893 : 16) stated and showed in his Fig. 1, Tab. II. At ali 
events it should be emphasized that the furrows are more distinot 
and consequently the proglottides better defined, at least external- 
iy, than in B. scorpii. 

‘The following table gives the measurements of three of the 
largest specimens studied: 
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Number 17.3.1 17.33.38 #17.54.1 

Length of scolex 0.44mm. 0.46pm. 0.46mm. 
Breadth of terminal disc 0.33 $0.20 0.22 

® at middle 0.28 0.30 0.33 
Depth of terminal dise 0.20 0.20 0.20 

5 6att middle 0.26 0.20 0,40 

° posteriorly 0.27 0.27 0.46 
Length of strobila 155 150 43 
Maximum breadth 209 29 3.0 
Width of ripe segments 2.0 2.9 1.6 
Length of * ° 4.0-5.0 4.0-5.0 0.4-0.6 


Up to the time when Diesing (1863 : 241) incorrectly 
desoribed the genital apertures as marginal and alternating, the 
only references to the reproductive organs of this species were 
to the uterus-sacs which were visible as faint punctations in the 
median line. Carus (1885 : 120) failed to correct Diesing's error, 
so that it remained for Matz (18923 : 109) to give the first de- 
soription of the genitalia, upon which we oan rely, in which, 
however, only the differences between them and those of B.scorpii 
were emphasized. The earliest traces of the reproductive rudi- 
ments were seen by the writer about Smm. from the tip of the 
soolex while the first eggs in the uterus-sacs came at about 55mm. 
While the opening of the uterus is well towards the anterior 
edge of the segment, that of the genital cloaca is midway between 
the anterior and posterior borders. There is no pabilla, the 


opening being 3 low funnel-shaped depression in which there is no 
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division into an external common cloaca and an hermaphroditic duct 
(Fig. 55). The important data concerning the rest of the reproduc- 
tive organs are contained in the following table, where only those 


of comparative value are given: 
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B.scorpii E.clavicops 
European data Data by writer European data Dy writer 
Lengtheerervesee 35-6 00mme 67 7mme 90-540mm. 155mm. 
Broedthecceecce 1-7 3235 2-3 29 
Lengt: of scolex 0.9-3.0 let 0.5-1.5 0.46 
Dreacth wi s 0e3-1.7 0.35 0.5 0.30 
Breadth of pos- 4,0 1.8 ra 200 
terior segments 
Length of same... 0422 0.35-0.85 0.5-0.75 0.5 
Number of genital 16 8 or 16 Less then in See 
segments per ex- Bescorpii text. 
ternal se ,meni 
Number of longi- 6,8,12 6 4 6 
tudinal excret- 
ory vessels 
Number of testes 76 30-60 56 50-60 
Diemeter of same 40.8 35-70 36-47 60-70 
Dimensions of «i »rkOO x50 120 x 60 109 x 64 145 x 109 
cirrus-sec 
ui 
Number of vitel- 490 350-540 462 450-720 
line follicles 
Size af sane 30-40 35-55 Hoeeree ewe ewee 
Arrangement of In 2 separate Dorsal fiééds Torsal Dorsal u- 
sane dorsal fields; slightly uni- fields u- nitedsven- 
2 ventral ted; 2 ventral nited; trels uni- 
fields weakly fields weakly ventral ted to same 
united united Pields dogree 
weakly 
united 
Dimensions of 50-80 x 40 66-80 x 43-45 50-60 58-63 x 
eggs 37-40 
Arrangement of l row,alter- 1 row,2lbere --eee%-  ---e-e-- 


uteri nating,or 2 rows nating,or 2 rows 
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From the above comparison it will be geen that altho the 
individuals from Eupomotis gibbosus (those from which the data were 
taken) do not exaotly agree with the European species, they care 
eufficiently olose to justify their being considered the same. And 
this was made more certain to the writer by the esamination of some 
fragments of the Furopean form, obtained by Professor Ward from 
Dr. 0. Fuhrmann of NeQchatel, Switzerland, who took them from 
Anguilla vulgaris in "North Germany". But it should be stated 
that in the latter material the ocirrus-sac and ovary are smaller 
and the uterus-sa0 much larger, ocoupying more than half the dia- 
meter of the proglottis in many places; or the reproductive organs 
seem to become mature relatively earlier, differences in degree of 
contraction and relaxation being teken into condideration. 

The material studied consisted of No. 289 of the writer's 
collection from Anguilla rostrata, Nos. 17.35 and 16.456 from 
Soll. Univ. I11., the former from Gupomotis gibbosug and the latter 
from Anguilla vulgaris (North Germany), and No. 17.54 of the same 
collection from Gasterosteus bicepinosus. 


Species 3. Bothriocephalus Caspidatus speo.nov. 


a ae enenrcenallinee ee ae 


(Figs. 56 - 63) 


Specific diagnosis: “With the characters of the genus. 
Medium sized cestodes up to 180mm. in length by 3.75 in breadth. 
Scolex large with very prohinent terminal diso deeply notched 
surficially; bothta long and narrow and quite deep posteriorly 
giving the scolex when viewed laterally the appearance of an arrow- 


head; 3.3mm. long, 1.0 wide at middle 3.5 deep posteriorly. First 
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segments subcuncate and circular in transection, with prominent 
posterior borders; middle gradually broaden until much wider than 
long; posterior two to four and 2 half times wider than long or 
1-2.7mm. in width by 0.8 in length. Posterior end of strobila 
usually rounded, even when segments have already become detached. 

Cuticula 3.5 thick, subcuticula 58 . No osleareous 
bodies. Longitudinal muscles not in bundles. Four main longitu- 
dinal exéretory vessels. 

Genital cloaca median,halfway between anterior and posterior 
borders of proglottis, deep and funnel-shaped. Vaginal opening 
close behind that of cirrus; hermphroditic duct-obscure. 

Testes on each side separated into two ficlds by nerve 
strand, inner much narrowed than outer; 50 to 60 in each proglottias; 
110,60 and 80, in maximum width, length and depth, reapectively. 
Yas deferens a large compact mass of coils, elongate and leterial 
to cirrus-pouch, 0.32mm., long by 0.16 in width, alternates irre- 
gularly from right to left. Cirrus-sac very large and thin-walled, 
0.25 mm. in length (depth) by about 0.30 in diameter. Cirrus pro- 
truded, 135 long by 85 in diamster,. 

Ovary compact, with limbs often turned forward, 0.60mm. 
wide, 0.10 long and 0.13 thick; isthmus thick. Oocapt 25930 in 
diameter. Vitelline follicles 800 to 1000; 70,50 and 45 in 
maximum depth, width and length, respectively; occupying almost the 
whole of the cortex, strongly united dorsally and ventrally. 

Common vitelline duct long and narrow. Uterine duct confined to one 
side of the median line, opposite the ocirrus-sac, alternating irre- 


gularly from side to side. Uterus-sa¢ spherical, occupying one- 
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third of the diameter of the proglottiga; opening me dian, close to 
the antetior edge of the latter. 

Eggs ellipsoidal 63-66 long by 42-45 wide, oneospheres 
not devdloped within uteri. 

Habitat: Caeca and intestine of the host. 


Host Locality Collector Authority 
tizostedion vitreum Flat Rook L., Cooper Cooper 
(type host) Muskoka Dt., Ont. {the present 
paper) 
s . Giant's Tomb Id., 
Georgian Bay ® ” 
® . Sandusky, Ohio. H.J.VanCleave s 
= ° New Baltimore, Mich. H.B.Vard « 
" " Port Clinton, Ohio . ° 
a n Put-in Bay, Ohio 8 al 
Stizostedion canadense New Baltimore, Mich. " " 
" ® Kansas City, Mo. H.M.Benedict s 
Hiodon tergisus Havana, Tll. H.J.VanCleave 8 
" alosoides Keokuk, Iowa H.B,.Ward * 


Type specimen : No. 174.2 of the writer's collestion. 
Co-type : No. 174.3 of the same collection, deposited 
in the Collection of the University of Illinois under the di regti 
of Professor Henry B. Ward. 
Type locality : Georgian Bay, Lake Huron, off Giant's Tomb 
Island. 
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So far as the writer has been able to ascertain a desorip- 
tion of this species has not yet been published, nor have any 
bothriacephalid cestodes been reported from the hosts listed above. 
The specific name cuspidatus, here chosen, has reference to the 
peculiar shape of the scolex as seen from the side : cuspis, an 
arrow-head. 

The first segments of this species show subdivision 
according to the same plan as that described for B. scorpii. Each 
primary segment was seen to be divided into twossegments of the 
second order (Fig. 56) and farther back these again into segments 
of the third order, and so on, until, when the rudiments of the re- 
; productive organs appear, the primary segment, whose boundaries can 
be recognized by carefully following along backwards from the 
soolex, contains 33 of them. This pian ean be followed well into 
the region of differantiation. There is not nearly go much irre- 
gularity, introduced by intercalated segments and the subdivision 
of others, as in B. soorpii, altho the same sort of dominance of the 
anterior ends of the major divisions over their posterior ends is 
seen not only in the size of the subdivisions and thst of the re- 
-productive rudiments but, in the beginning of the region of differ- 
entiation, in the rate of differentiation of the common rudiment 
into the different proximal organs of reproduction. The latter is 
indicated in good toto preparations as well as in sections. As 
soon, however, as the lumina of the uterus sacs appear the plan 
becomes obscured by the gradual é@mlargement of the posterior borders 
of the subsegmentsa even to those of the fifth order; so that in 


turn we can see defined, as we. follow them posteriorly, groups of 
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32, 16, 8, 4, 3 sets of genitalia (Fie. 60). Andveventually at 
the posterior end of medium sized strobilas and for considerable 
stretches of the largest, these pairs become separated, and the 
segment contains only one set of cenitalia. 

No statements can be made by the writer concerning the 
intermediate stages of the life history of this species. It may 
be said, however, that many of the earliest formed segments are 
lost long before they become sexually mature, since most of the 
youngest strobilas are found lacking the end proglottis. Constric- 
tions at about the middle were present in many of them, as if the 
length of segments behind that region might be thrown off as a 
whole; but, since this wae not a constant feature, it was considered 
to be due rather to the fixation of a wave of contraction-passing 
over the strobila, such ss may be seen in living individuals as 
well ag in plerocerooids of other speciss of cestodes, e.g. Scolex 
polymorphus. 

The material studied consisted of 324 icts from the collec- 
tions of the University of Illinois (Professor H. B. Ward), of 
Dr.H. J. Van Cleave and of the writer, from the hosts as above 


listed. 
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Species 4. Bothriocephalug manubriformis (Linton, 1889) 


(Fics. 64-70) 
j 


1889 Dibothrium manubri forme Linton 1889 ; 456 
1880 Dibothrium manubriforme ? 1890 : 728 
1897 Dibothrium manubriforme s 1897 : 429 
1900 Bothrioocephalus manubriformia Ariola 1900 : 410 
1903 Bothriocephalus manubriformis Porona 1908 : 7 


Specific diagnosis: With the characters of the genus. 
Large cestodes up to 320mm. in length by 5mm. in maximum breadth. 
Scolex large, slongate, with prominent terminal dise deeply notched 
jlaterally se weli as surficially, constricted posteriorly; length 
8-3,5mm., depth at middle, 1.0, breadth of dise, 1.0. Bothria — 
long and very narrow posteriorly where the walls are quite thick. 
First segments cuneate with salient posterior borders which are 
distinctly emarginate; middle, broadly cuneate, less emarginate; 
posterior or mature many times broader than long and closely crowded, 
5 x 0.3mm.; gravid proglottides, 2 x 0.4mm. Posterior half to 
two-thirds of the strobila provided with a median line (the com- 
bined uterus-sacs). 

Cuticula 4656 thick. Osaleareous bodies large, 18-6 x 
11-15 . Longitudinal muscles well developed, in bundles. An- 
teriorly 4 chief excretory vessels. 

Genital cloaca median or slightly displaced towards either 
side, deep and narrow, separated from the hermaphroditioc duct by 


& nzrrow muscular velum, half way between anterior and posterior 
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borders of the progiottis. Vagina opens immediately behind cirrus 
or very slightly to one side. 

Testea tlliipsoidal in shape, 64-75 wide, 45-60 long, 
64-80 deep; 50 to 70 in number, dorenl in the medulla. Ves deferens 
Closely applied to inner end of cirrus pouch, 85p long, 175 wide 
and 400 thick, somewhat creseentric in the dorsoventral-transverse 
plane, opposite the uierus-sac. Cirrus-sac long and cylindrical, 
0.50 x O.d4mm., inner half deflected towards the vas deferens, 
| walle very thick, composed mostiy of circular muscles. Cirrus 
short, usually not extending outside of the proglottia, 30 to 35 
in diameter. 

Vagina with bulbous aphincter near its opening, 50" long 
by 70 in diameter. Ovary irregularly branched but compressed 
anteroposteriorly, 0.45mm,. wide; isthmus only ventral. Oocapt 
SO~ in diameter. Vitelline follicl:s extremelp numerous, 35 
long, 60 wide and 85 thick. Vitelline reservoir large, 60p in 
diameter. Uterine duct voluminous on both sides of the median line, 
“ growding all other organs. Uterus-sacs alternate irregulariy 
from aide to side, each 0.45mm. in diameter, encroach greatly on 
neighboring segments, with|thick museculo-glandular funnel-shaped 
ventral portion. Apertures form two lines on the ventral surface 
lmm,. apart. | 

Eges 58 x 34», dark brown showing thru walls of uterus- 
S205. 


Habitar : Intestine of the host. 
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Host - Leocality Collestor Authority 
Tetrapterus albidus Linton Linton, 1889 : 458 
bv 4 ‘iL host) Woods Hole,Mass. 

Histiophorus gludius Newvort, R.I. e ® i880 : 731 


To pbopnors nigricans YWoodsHole ® 8 1991 : 448 
=k. g adius) 


Tetrapterus imperator ° . . * : 447 
(= i: alvtdug) 
Tetrapterus Belone Portoferraje,Id. Demiani Parone 1902 : 7 


Elba 
Type specimen : No. 4711, Goll. U.S.Nst.Muga. 


Co-type + Ho. 16.461, Coll. Univ, Ill. 
Type locality : "Penekese?® 


As regards the segments of this species Linton (1889 ;: 
456) stated that, "Immecistely baok of the head the segmente are. 
very narrow, end for a greater or less distence, depending on the 
state of contraction, maintain about the same width as the base 
of the head. In some individuels the small anterior segments con- 
tinue much ferther back from the head than in the one figured. The 
segments are alternately short and long. This characteristic is 
quite plainly merked in those segments which immediately follow 
the head, is still noticeatle on the median segments and also on 
the posterior ones, but is not so plainly marked on the latter as 
on the two former." This is due to the plan of subdivision of the 
segments, which is quite like that deseribed for the preeceding 
species. It oan be followed with certainty, however, only in 
the "anterior" and "nedian® pertionsa of the strobila snd not pos+ 


teriorly where the segments are very short and crowded close toge- 
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ther longitudinally even tho the latter may not show the rudiments 
of the reproductive organs. Fig. 66 is of a primary segment (the 
fifth from the scolex in this case) to show this method of segmen- 
tation. Here there is a marked dominance of the anterior over the 
posterior half of the. segment as regards the rate of division; and 
this is seen to be also quite applicable to the subsegments even 
to those of the fourth order. "In one specimen examined," to con- 
tinue guoting from Linton, "the first six segments did not show 
this alternation in size. In the next fourtcen segments, however, 
the alternation was quite evident." This indicates that he was 
well acquainted with the division of the segments into subsegments, 
but did not hit upon thdexact manner in which it is carried out. 

As regards internal segmentation the writer found that, a- 
part from the sets of genitalia, the musculature in general, -- 
and for that matter the arrangement of the vitelline and the testes, 
-- bear out Linton's (1890 : 731) conclusion that, "So far as any 
internal characters go, the body is practically continuous." 

Nothing is known of the life+ history of this species. 

The material studied consisted of two lots: No. 4711, U.S. 
N.M., from the rectum of Tetrapterus sp. from "Penekese?" deter- 
mined by Linton, and No. 16.461, Coli. Univ. Ill. (H. B. Ward) from 
the intestine of Histiophorus gladius, obtained from Professor 
Linton and evidently the actual specimen desoribed by him in 1896. 
The species was determined and the above diagnosis prepared from 


confirmatory seotions of the latter. 
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Dibothrium laciniathm Linton 


Linton (1897 : 425) established this species on the basis 
of the material contained in lot No. 4741 of the collection of the 
United States National Museum from Tarpon stlanticus, the Tarpum, 
and again reported it from the same host species in 1901 (p. 437). 
Iuehe (1899 : 43) in his list of the species of the cenus 
Bothriocephalus s.str. remarked that "Von weniger cut bekannten 
Arten gehoren anscheinend noch hierher Bothriocephalus laciniatus 





(Lint.) und occidentalis (Lint.)"; while Ariola (1900 : 414) also 
Placed it in the same genus ag he conceived it to be constituted. 
During the study of B. manubriformis the writer was im- 


pressed with the great resemblance between D. laciniatum and it, in 





all but a few details the two being, infact, identical. The mea- 
surements for length and maximum breadth, as shown in the compara- 
tive table below, agree, while those of the scolex and anterior 
segments are as near as can be expected from cestode material which 
is found in various degrees of contraction and relaxation. All of 
the gondi tions represented in Linton's (1897) Figs. 7-12, Pl. XXX, 
were observed in the material of B. manubriformis studied, -- when 
such obvious srrers as, "Fossettes marginal aga to head, correspond- 
ing to the flat surface of body," are taken into consideration, -- 
while the description of the external features, excepting that of 
the posterior segments, applied infletadl. But later lot No. 4741, 
U.S.N.M., was obtained by Professor Tard, and the writer learned 
that his suspicions were well founded; for D. laciniatum proved to 
be identical with B. manubriformis. The posterior segments "with 
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breadth one and a half times the length" had different proportions 
from those observed in mature material of the latter species, be- 
cause they were, altho gravid, of quite younger strobilas. The 
material of No. 4741 is, in fact, intermediate between No. 4741 of 
B. manubriformis ond the 16.461 of the same species studied by the 
writer, not so much in size, since it does not show the regions 

go well, as in degree of maturity. The fact that "the segments 
are not uniform; one segment with a salient posterior border 
followed by about two with less salient borders is due to the irre- 
gular manner in which the primary segment divides into subsegments 
(vide supra). The dimensions of theeggs correspond, while the 
measurements of the cirrus-bulb, vaginal sphincter, and calcareous 
bodies are the same in the two species: henten stated that in 

Ds. daciniatum "The reproductive cloacae lie along the median line 
of one of the flat surfaces of the body. The external openings of 
the uterus lie along the median line of the opposite surface." 
While the former was found to be the ease, the latter was not, for 
the openings of the uteri lie irregularly on either side of the 


median line as in B. manubriformis. Furthermore the cirrug-bulb 





wag not found to have "its inner end deflected to the right (left, 
when we take into consideration the fact that the common genital | 
Cloaca of D. laginiatum was considered to open on the ventral in- 
stead of the dorsal suface) where it communicates with the vas de- 
ferens, which lies in numerous folds in front and to the right of 
the cirrus-bulb," but to alternate irregularly from side to side 
according as the uterus-sac and distal end of the uterine duct 


occupy the other side of the proglottis, while the yas deferens is 
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as given above. Altho the vaginal bulb was found to be a little 
larger in the material of D. laciniatum, ite structure and position 
were also quite as in B. manubriformis. On the other hand no 
muscle fibres completely encircling both genital apertures, such as 
shown in Linton’s Fig. 5, Pl. XXXI,were seen, but what might casily 
be taken for such were formed by the crossing of much ourved and 
spread longitudinal and transverse fibres of the body well, in such 
a manner that the portions intersecting at the four corners run in 
almost circular directions and concentrically parallel to each 
other so as to give the appearance of the whole forming a complete 
ring in each case. The cenital cloaca was found to be shallower 
than in the material from Histrophorus gladius, which is evidently 
due to the fact that the proglottides were younger and not yet 
gravid os in those from the latter host. The uterus-epening was 
not found to be "lined with cilia" but with irregular rugged pro- 
Gesses which are evidently only portions of the linine of the 
developing funnel and the external duct of the same. Finally the 
position and structure of the ovary, of the vitelline reservoir 

and of the various layers of the body exactly correspond in the two 
forms. 

Consequently the writer feels that there ean be no doubt 
whatever concerning the identity of D. laciniatum with B. mambri- 
formis, which fact would also seem to be recognized in the Fauna 
of the Woods Hole Region (Sumner, Osborn and Cole, 1913 : 585). 
where the ‘ormer is not found amongithe cestodes, sltho the host, 


Tarpon atlanticus, is listed, and since B. manubriformis was de- 





soribed before D.laciniatum, the latter must be considered as a 


species delenda. 
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B. histiophorus Shipley 


The writer would also lite to call attention in this place 
to the fact that Shipley's (1901) Bothriocephalus histiophorus 
agrees in all easentials with B. mamubriformis, which is almoat to 
be expected since both are found in the same host genus. 

The description and figure of the scolex is that of the 
‘latter species, altho the true nature of the bothria was not as- 
certeined by Shipley on account of their almost closed condition, 
which was also seen in many specimens of B. manubriformis by the 
writer. Consequently it was deseribed, obviously erroneously, 
as © ... provided with longitudinal slit-like depressions which 
hardly attain the dignity of suckers situated in the dorsal and 
ventral plane." The external features of the strobila are the 
game in both species, altho Shipley was describing 2. comparatively 
young specimen, as shown in his measurements of the scolex and in 
his figures showing the size of the uterus-sac. The deseription 
and figures of the genitalia agree in almost 211 details. It is 
quite apparent, however, that his Fig. V, diagrammatic it is true, 
is entirely misleading os to the proximal connections of the repro- 
ductive ducts, one of which, the ootype, be confused with the isthe 
mus of the ovary. The ova in the latter were also found by the 


writer to be 15m in diameter in B. manubriformis os in B. hiastio- 





phorus. Besides, his description of these central connections of 
the genital ducts is certainly not that of the genus Bothriogephalus, 
for in dealing with the isthmus of the ovary, which he called the 
ootype, he asid that "Into this region opens the ammll shell-gland, 
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and the ducts of the yolk glands. The shell-gland lics posteriorly 
to the ovary between the right and left halves of that organ and 
with the ducts of the yolk glands it opens into the ootype poster- 
iorly"! The measurements of the eggs and the description of the 
uterus acree with those of Linton's species, excepting that the 
opening of the uterus-sac * ... does not seem to be provided with 
anything of the nature of aghincter muscle...."  Altho the 
material at hand did not permit of the sectioning of such young 
stages in the development of the uterus-sac, it would scem from the 
somewhat varying nature of its funnel-shaped ventral end, desoribed 
above for B. manubriformis, that in more anterior progliottides 

it might be in such a condition as to be easily overlooked. Here 
Shipley makes a statement concerning the probable disrossl of ripe 
ecgs, which seema to the writer to be the natural conclusion to 
arrive at after a study of the varying contents of the utcrus-sacs 
along the strobila, namely, "From what I have geen I think it pro- 
bable that eggs pass out from the tapeworm into the alimentary 
ganal of the host and that in B. histiophorus the eggs pass freely 
out from each ripe proglottis and do not wait until the posterior 
proglottides break off to make their escape from the parent." The 
nature and arrangement of the vitelline glands, the vagina and its 
bulb or sphincter, the teates in number and position, and finally 
the cirrus-sac, 21] considered in connection with his Figs. I-IV, 
force the writer to the conclusion that, so far as can be determined 
in the absenoe of material for study, Shipley's B. histiophorus n.sp. 
is identiosl with B. manubriformis (Linton). 





In the following table a number of important measurements 
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of B. manubriformis, D. lacinietum and B. histiophorue are given 


for the sake of compsrigon. 
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Delaciniatum 


Maximum length of 
strobile 


Maximum breadth of 
strobila 


Breadth at posterior 
end 


Length of scolex 


Breadth of terminal 
disc 


Breadth of scolex at 
middle 


Breadth at posterior 
end 


154 mm. 


Breacth at constriction 0.25 


Depth of terminal disc 
Depth of scolex,middle 
Depth at posterior end 


Depth at constriction 


Length first segnont 


Oe5 
0.55 
0.35 
0.25 
Oe7 


Breadth same anteriorly 0.3 


Breadth same posteriorly 0.65 


Length of median seg*ts 0.3 


Breadthof median seg'ts 0.3 


Length posterior seg'ts 1 


Breadth of same 
Length of cirrus-sac 


Max.diemeter of same 


B.histiophorus 
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0.16("ripe” ) 
0.5 ("ripe") 


P manubriformis 
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220 mie 


1.5-3.5 
028-162 


0.64 


0.81 


0.21-0.44 
0.89 

090-1205 
0.63 


0.28-0.54 
0.50-0.89 
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Length of vaginal sphin- 
eter 


Diameter of same 
Dimensions of eggs 


Dimensions of calcar- 
eous bodies 


Number of testes 


Diameter of ova in 
ovarian isthmus 
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Species 5, Bothriocephalus occidentalis (Linton, 1897) 
(Figs. 71 and 72) 


1897 Dibothrium occidentale Linton 1897h 


w> 
= 
~ 


1829 Bothriooephalus occidentalis Luehe 18990 3: 43 
19090 Bothrioosphalus occidentalis Briola 1900b : 415 


Specific diagnosis: With the cheracters of the genus. 
Large cestodes with maximum length of at least 310mm. and breadth 
6.5. Scolex small, elongate and somewhat reotangular, constrasted 
posteriorly, 1.3mm. long by 0.46 wide. Pirst segments somewhat 
funnel-shaped; middle, densely crowded, ten to twenty times broader 
than long, posterior narrower and longer, @ x 0.8mm., in groups of 
three or four. 

Cuticula 1.5} in thickness. COslecareous bodies 18 x l3p. 
Longitudinal muscles in bundles, outer ssries very searce. Four 
chief ~xeretory vessels, two much more prominent than the others. 

Genital cloacae form a nrrow zig-zag row, esch very shallow, 
no velum, cloaca and hermaphroditic duct united. Vagina opens 
directly behind cirrus or & little to one side. 

Testes divided into two ficls on each side by the nerve 
etrand, 75 to 90 in number, 25, 85, and 115 fe in average maximum 
length, breadth and depth. Coils of vas deferens loosely arranged, 
the duct &5 w in diameter, alternating irregularly from side to 
side opposite the uterus-sac. Cirsus-sac long andi cylindrical, 
0.23 x 0.06mm., walls comparatively thin, most of ciroular muscles 


being towards the inner end. 
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No vaginal sphincter or bulb. Ovary solid, unbranched, 
0.5-0.6mm. wide, 0.04 long and 0.13-0.18 deep. Oocapt 25 in 
diameter. Vitelline follicles very numerous, in two lateral fields 
om each surface, leaving a broad median strip free, 325, 60, and 
115) in length, breadth and depth, respectively. Viteliine reser- 
voir 45 in diameter. Uterine duct voluminous on both sides of 
the median line, crowding all other organs. Maximum width and 
length of uterus-sac, 0.65 and 0.25mm., respectively; not en- 
eroaching much on neighboring proglottides; ventral portion not 
especially modified, Uterus-openings alternate irregularly from 
side to side near the median line, for forward in the proglottides. 

Ecges 72-76 x 38-41 p » dark brown, showing thru the walis 
of the gorged uterus-sacs. 

Habitat: Intestine and pyloric coeca of the "rock cod", 


Sebastodes sp? 





Type specimen : No.4740, U.S.N.M., collected by T. H. Bean 
and identified by Professor Fdwin Linton. 
Type locality: Whatccomb, Washington. 


The material contained in No. 4740, U.S.N.M., uwoon which 
Linton based the species, was examined by the writer and confirma- 
tory sections made of mature segments, but it was all in such a 
very poor state of presevvation that much of the detail could not 
be made out. However, as the specific diagnosis indicates, this 
is a true species of the genus Bothriocephalus s.str. and quite 
distinct from B. manubriformis which it closely resembles in many 


respects, internally as well as externally. So far as the writer 
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Genus 2. Clesbobothrium Luehe, 1899. 


Bothriocephalus (parte) §[tudolphi, 1819. 
Dibothrius (part.) Rudolphi, 1819. 
Bothriocephalus (part.} Leuckart, 1819. 


Bothriocephalus (part.) Dujardin, 1845. 


Dibothrium (part.) Diesing, 1850, 
Dibothrium (part.) Molin, 1858. 
Dibothriun (part.) Diosing, 1863. 


Bothriocephalus (part. ) Carus, 1885. 
Bothriocephalus (part.) Aridle, 1896. 
Clestobothriun Luehe, 1899. 
Bothriocephalus (part.) Ariola, 1900. 
Clestobothriun Braun, 1900. 


Generic diagnosis: Scolex almost spherical, the free edges 
of the dorsoventrally situated bothria fused with each other in 
their whole extent, in such ® manner that only a smell surficial 
opening near the apex leads into the interior of the spacious, 
hollow organ of attachment, flattened ir the sagittal direction, 
by means of 4 short almost sagittally coursing canal which can be 
closed by 2 sphineter=}ike nusculeture. External segmentation 
complete. Vitelline follicles in the cortical parenchyma. Ovary 
median and ventrel. Receptaculum seminis smell. Peginning of the 
uterus © winding esnal which leads into on extraordinarily spaci- 


ous uterus-sac,distorting all the other genital obgans in ripe 
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proglottides. Uterine opening about median as is the dorsal geni- 
tel opening. 


Type species: C. crassiceps (Rudolphi). 


Clestobothrium crassiceps (Rudolphi,1819) 


, (Fa gs,.13 -83) 
4819 Bothriocephalus cressiceps Rudolphi 1819 : 139,476 


1820 Bothriocephalus pilula Leuckart 1819 ; 45-46 
1845 Bothriocephalus cressiceps Dujardin 1645 : 617 
1850 Dibothrium crassiceps Diesing 1850 ;: 587 
1858 Didbothrium crassiceps Molin 1858 : 134 
1863 Dibothrium crassiceps Diesing 1863 : 2 36 
1865 Bothriocephalus crassiceps Carus 1885 : 120 
1896 Bothriocephalus cressiceps Ariola 1896 : 280 
1899 Clestobothrium crassiceps Luehe 1899 : 44 
1900 Bothriocephalus crassiceps friole © 1900; 397 
1900 Clestobothrium crassiceps braun 1900 ; 1692 
1901 Dibothrium crassiceps Linton 1901 : “a 
1909 Dibothrium crassiceps Johnstone 1909 : 87-89 


Specific diagnosis: With the characters of the zenus. Medium 
sized cestodes, up to 92mm. in length, with a maximum breadth of 
1.5mm. Anteriorly surface of body with closely arranged trensverse 
furrows, posteriorly segmentation more distinct, serrate. Scoles 
globose, 0.64-1.08mm. long, 0+52-0.90 broad,eand0.68-1.21 thick; 


divided by longitudinal marginel grooves into two dorsoventral 
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hemispheres, the bothria. Latter, large, prominent, oval, their 
apertures about one-third from the apex and connected by a saddle- 
shaped groove over the tip of the scolex, with prominent lips. Wo 
neck, segmentatiom beginning immediately behind the scolex. Youne 
segments closely arranged, five to six times as brocd as long; 
mature proglottides quadrate to twice as long as broad, frequently 
divided on one or both sides by spurious articulations usually 
behind the uterus-sacs. 

Cuticula 2 to Spthick, subcuticula 2C. Chalk-Bodies absent. 
Musculature well developed, powerful sphincter around orifice of 
bothrium. Chief nerve strands ventral, 15 to <Opin diameter. 
Usually four longitudinal excretory vessels. 

Genital cloaca median, dorsal, three-fourths to one-half the 
length of the proglot“tis from its anterior end, usually just pos- 
terior to the spurious articuletions; hermaphroditic duct within 
this. 

Testes in two lateral fields in the medulla; ellipsoidal in 
shape, 9-125mm. long by 0.04 in diameter, continuous from joint to 
joint, 40 t@ 50 to each proglottis. ‘Yeas deferens forms a wedge- 
shaped mass of coils shead of cirrus-sac and alongside of the hin- 


der en of the uterus-sac. Cirrus-sac olliptical to somewhat oval,. 


mediatel’y behind the uterus-sac or Interal to its posterior end. 
Cirrus-sac and vas deferens together allernate irregulerly from 


right to left opposite the hinder end of the uterus-sac. 
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Opening of vagina close behind that of cirrus. Receptaculum 
sewinis present as a short diverticulum almost parallel to the ovi- 
duct at the point of union of the vagina with the latter, about lO, 
in diameter. Ovary bilobed, the isthmus narrow and ventral, ove in 
same 18 x 10p. Oocapt 20 in diameter. Vestibule at the point of 
union of the vagina with the oviduct. Vitelline duct expands into 
a reservoir 30p in diameter. Vitelline follicles not in,laterel 
fields,but continuous from joint to joint, 60 x 30 x 50u in dimen- 
sions, about 700 in each proglottis. Uterus-sec elliptical in out- 
line, directed anteroposteriorly in the natericr half of the pro- 
glottis where in gravid segments it occupies almost the whole o@ 
the medullary region; 2.20 x 1.34mm. in dimensions; in quadrate 
segmonts irregularly alternating from side to side as are the uter- 
ine openings. 

Eges, 75 x 40u. 
Habitat: In the anterior portion of the intestine @f the 


host. 
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In external appearance this species is characterized by the 
globose nature of the scolex and the serrate margins of the strobila, 
the former of which was the basig of Leuckart's (1819 : 45) speci- 
fic name and which with the latter was emphasized and included in 
the diagnoses of all the authors after Rudolphi (1819). But 
another important character which also assists in the ready recog 
nition of the species is the presence of spurious articul tions, 
which, however, are evidently not those mentioned collectively by 
Wagener (1854 : 69) as "artioulatio spuria" (vide infra). The 
acolex (Figs. 73-77), aa noted above, is divided by two longitudinal 
marginal grooves into two dorsoventral hemispheres, the bothria. 
The latter were considered by Rudolphi (1819 : 139, 477) and others 
to be marginal or lateral (but not "lateral") in position, which | 
error was finally and definitely corrected by Euehe (1899 : 35); 
but Leuckart (1819 : 45-48) rightly deseribed and figures the 
ssolex as "medio marginali sulcato, foveis lateralibus ... " and 
"Die Randflache des Kopfes ist breiter als die Seitenfiche, die 
Mittelfurche jener ziemlich tief, und bildet an jener Seite eine 
erhabene, in der Mitte helilere Wolbung." It seems that Molin 
(1881 : 235) fell into the error of considering the marginal or 
lateral grooves, separating the bothria, to be the bothria them- 
selves, as indicated in his diagnosis: "Caput magnum subglobosunm, 
utrinque sulco longitudinali laterali, apertura centrali bilabista 
antica, bothriis ovalibus, subterminalibus, marginalibus, longis", 
and in his "Osservazione 32" he said: "Quantunaue la testa sia molta 
grosaa ed opaca, oid non per tanto potet distinguere il s0lco 


wenziomato da Diesing (1850 : 587) 11 quale perd corrisponde at la- 
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ti e non ai margini del corpo, e sembra dividere la testa in due 
emiaferi. Ognuno di questi porta una fosasetta oblones,-ovale, 
che si estende dall' apice a due terzi della lunghezza del corpo, 
é sembra di quattro quadranti suddivisi da due solchi sche s'in- 
erocciano." It is evident from his Fig. 3, Taf. V, that the 
"fossetta oblungsa" is the entrance to the bothrium, but he (docs 
not scem to have observed the actual opening, not even in either 
marginal sulcus! . Matz (1892 : 103) expressed the opinion that 
the bothria of this species were dorsoventral in position, while 
Ariola (1896 : 280) evidently on the basis of former diagnoses, 
placed the species among those of the genus Bothricephalus Rud. 
with "Botridi marginali". Stossieh (1898 : 115) also described 
the scolex as " ... subgiobosa, con botridii marginali, subter- 
minali, ovato-allungsti"; and Ariola (1900 : 398) finally correc- 
ted his own view of the external structure of the scolex by saying 
that "In esame anche superficiale dimostra pero che la posizione 
degli organi di fissazione non e quale fu ritenuta, perohe ciascun 
d*’essi corrisponde ad uns faccia larga dello strobila, o como si 
dice, sono dorsoventrali. I pretesi botridii marginali sono dati 
da un solco circulare, abbastanza profondo, che corre & guisa di 
un meridiano attorno allo scolice globoso, passando per l'tapice, 
@ dividuendelo come in due emisferi, uno destro a l'taltro sinistro," 
thus evidently ignoring the fact that Luehe had already (1899 ; 25) 
performed the service for students of the group, 23 pointed out with 
justifiable emphasis by the latter (Ariola, 190] : 414). 

The bothria in this species “re sac-like structures, formed 


phylogenetically, as indicated in the generic diagnosis, by the 
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rolling together of their edges or "walls" and the fusion of the 
latter for most of their extent "in such 2 manner that only a 

small 1a fewet (dorsoventral) opening in the region of the apex 
leads into the interior of the spacious, hollow organ of attach- 
ment." The size and shape of the opening itself varies consiera- 
bly in preverved material. It may be so small (Fic. 73) as to be 
seen only on very close examination or in scotions, or comparatively 
large (Fig. 77), depending on the stage of contraction or enlarge- 
ment of the bothria when the individual is fixed or preserved. 
During life it may be seen to undergo such variations in size while 
the whole socolex is being slongated and retracted during the char- 
acteristic sucking movements. Rudolphi (1819 : 477) correctly 
desoribed the bothria as " ... oblonga profunda et magna in vivis; 
in mortuis bothrii ostium parvum anticum adesse vidétur." In 
lateral view (Fic. 74) the bothria are seen to be more sharply oval 
or even conical in outline, as is consequently the whole scolex, 
owing to the fact that the dorsoventral diameter of the lumen of 
each is such greater in the posterior half than in ite anterior 
half. It will also be noted more olearly from this aspeot that 
the hinder borders of the bothria projeet a considerable distance 
beyond the true anterior end of the strobila, aothat the length 

of the scolex is not that of the bothrium, as many writers have 
evidently taken it to be, but as far as oun be determined from 
external views, more nearly that of the marginal sulcus, plus an 
extension of the same to the tip of the scolex, or, where the latter 
is retracted, to the anterior border of the labia. The breadth of 


the scolex was taken for the sake of convenience to be that of the 
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bothrium, since there is very little difference between the two 
in this regard. 

The two apertures of the bothria are united over the tip of 
the scolex by a saddle-shaped groove, the edges of which are some- 
what swollen so as to form lip-like structures. This groove has 
been described and figured for ¢. crassiceps by Malin (1861 : 235, 
Fig. 2, Tab. V) and Ariole (1900 : 397, Fig. 17, Taf. VIII) and 
figured by Linton (1910b : Fig. 267, Pl. 24), but it docs not 
appear either in the figures given by Wagener (1854 : Fig. 75, 
faf.7;.1857 : Figs 6, Pl. II) or that by Johnetone (1909 : 87, 

Fig. 14). It is present in all of the writer's material even to 
the youngest, but in a few cuses the tip of the groove, thst is, 
the extreme tip of the soolex is so prominent as to more or leas 
obliterate the lips (Fic. 77). It is also to be noted that the 
lateral grooves separating the bothria do not pass thru these lips, 
as nicely indicated in Ariola's figure but erroneously deseribed 
(p. 398) ae "passando per l'tapice", and ag further figured but in 
the same relation by Johnstone. Wagener's Fig. 75 and Linton's 
Pig. 266 also give the erroneous impression that this groove passes 
right over the tip of the scolex. Molin (1861 : 235), while 
giving a gomewhat confused description (vide supra) of the rela- 
tions between the saddle-shaped structure, which he figures as in- 
cluding the apertures of the bothria more posteriorly, and the 
lateral grooves, says that he saw in the apex an aperture which not 
only ended blindly but which was bounded by two emineneces, simula- 
ting lips. Thies may have been due to extreme contraction of the 
tip of the acolex between the lips of this groove. It will be 


’ ~~ i; oe ES Oe AY ees |S) ey i } 
- < wd Al , i { ¥ ib at Y 
o Be NS ER a 
6fc un >! at a tee 2 ie t 
n wae ' wo lar ‘} 7 tm. ian t 
; ‘ ny Die al hte Gar 
fe ‘ ‘ t . oa 
. Ou \ We 7 a eee X° 5 
° , ; ‘ 4 ; A ‘ ip fre) 


Le 


ont odd geowted eogexeththe ete ae ‘ 
} : ti ; a} 7 MT te Bart ck pe ae — 


















“OSG P14 Xe Lian ‘Ro eorhe edt OF OOER Soqads +elbhag: a . 
seh OTODTE peat pstwroun te odtL-hs anos. oF. phe anstone.g 
1866 + L00L) mele di pgpotncaio 49 set besugtt bas, bedtnowph 
bas. (EPLY. cto? 4 Meet. $86 4, 008L) stotah doe: 4¥ Ry 
- at 208. $8 dS hOB,» OL QHOR Ww RM 2 MOREL}, Lia 
«ht agit é pales) wonsaeF et none bound? edt. ai it 

78) 4 2004): onotnctol yd teat x0 (xr. 408 48 ann Raa 8 
od. awee Lotustom ef zottiyr edt to. Lie at theoeetq 2: ths | 
yk hike a dg ot ‘tol are ade pees wet: ara ted 
{eeek mg sxou.of ee. pe daentnang oo et Feloon oft, Deinteies 
end tant Redon ed-ot, opts eb tz. fF «aan egth ont 
sagt opedt wad asad tom. om etidted saa ent enoaen: eo 

bechvoe sd: touconetts toad oxwpt? wp ‘alowed at 

at sag bosant? xodez2 62. bees agtqete. F3q" onnannset “ 
o'aotend bas 89 «ptt a cogenen senotoadol Le notte, 
eranay Ovonuy erdt, Med? -motesorgm BYVOMIOTIS en? rrta. cates 
ed dg (aes 1 SPRL) abso: 5 «xetooe ods Yo ght eat: 
~thox gt Ro (axgee ebay) polsatree sd bewwhanoe fade 
an} ae sveugh? v@.dotow pnaheatese hequde -eLbbse ed? 
odd dire ,Yiiafsetecn opom ahtdios wd? Io APM 19GR 


i 


Sou dotde cusses: ma zeae eget whowen ad feuds cyen >, ie sa 
~eiuales ,esonoatme owt ag betmmgd egy dohaw deed YLbatid- de : 
alt ‘jo aolfesitaco suettze of evh assed epad yan a | ti 
Jy, a LLtw tl .oveasp, afdt Yo seed odd invented ap oos 


reoalled that F. S$. Leuvckart (1819 : 46) saya in this connection 
that "An dem Xopfende ist eine kleine Vertiefung in der Mitte; die 
von den beiden sich hier vereinigenden Randfurchen herruhrt, wo- 
dureh ihre Rinder etwas erhabener werden. Die Grubchen sind kaum 
von der Gréese einea Nadelknorfehens und tief in Kopfe, s0 dasa es 
fast echeinen konnte, als waren sie wahre oscula," but his Fig. 36, 
very good in other resapests, does not do justice to his description 
ef these terminal etructures. Of. also Loennberg's (1893 : 15-17) 
B. negleotus, the figure for the scolex of which looka very much 
like B. orassiceps. 

There is no neck in this species, segmentation beginning 
immediately behind the scolex (Fig. 76) and being complete thruout 
the strobila, which echsracters are also given by Luehe (1899 : 44) 
for the cenus: "husgere Gliederung vollkommen, ein gegliederter 
Hales fehlt." As regards this quotation, it would appear thet the 
"“segliederter"® is either superfluous or a lapsaus calami for "unge- 
gliederter." The anterior border of the first segment, a greater 
part of which is obseured by the hinder edges of the bothria, is 
constantly somewhat narrower than the latter, but its posterior 
border isusually about the same width even in such contracted 
specimens (Fig. 73). Its outline is somewhat trapezoidal, while 
ite length is slightly greater than that of the segment immediately 
following. The breadth of this first segment varies anteriorly 
from 0.40 to 0.92mm. and posteriorly from 0.55 to 1.16, -- Linton's 
measurements are 0.78 and 1.07, respectively. Following thia the 
segments are closely set, five to six times as broad as long, while 


their somewhat thickened posterior borders protrude on either side 
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(as well aa dorsoventrally) 30 as to give the strobila a serrate 
appearance (Pig. 76). It 4a here that the formation of new pro- 
g@lottides takes place by the subdivision of preexisting segments. 
This serrate appearance is also presacnt in the posterior part of 
the strobila where the proglottides are quadrate to twice as long 
as broad. The menaurements of the first proglottisa showing eges 
in the expanded end of the uterus (uterus-sac), in 2 fairly re- 
laxed strobila (Fig. ), was 0.50mm. long by 0.93 broad, while 
one further back where the uterine cavity was 0.61 x 0.48mmn. was 
k.3kmm. long by 0.83 broad. These measurements are, however, of 
only relative value, since another strobila of the game are but 
sontracted during fixation might show the same regions more like 
those farther ahead and thus, in aleoholio, specimens evidently 
younger. 3 But posteriorly, however, each serration does not nec- 
esgarily define the posterior border of a proglottis. This is 
due to the presence of spurious articulations, possibly included 
in Wagner's "articoulatio spuria” (vide infra). These are furrows 
which arise laterally, where they do not stand out ag distinctly, 
however, ss the true posterior borders of the proglottides, but 
do not pass to the median line. They are not present in all of the 
posterior proglottides nor are they symmetricaliy arranged. In 
the following exeerpt from his more complete diagnosis Pudolphi 
(1819 : 477) aia not refer to these atructures: 
"Articuli breves, margine posteriore inorassato 
utringue exstante, quo eorpus serratum fist. Arti- 
culi oeterum inaequales, ut passim augustiores et 


longiores interourrant." 
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while F. S. Leueckart said only that 
"Die ersten Glieder am Kopfe schmaler als die 
Ubricen, dann folgen fast gleichbreite, die 
letzte Halfte der Glieder breiter als lang, mit 
deutlichen, weissen Ovarien." 
which refers to "der beschreibene nicht ganze Wurm ... 1-1/2" 
lang." Diesing (1863 : 3236) described the strobila se 
" ... @llipticum, articulis ad medium usque inoredgscent- 
ibus, inde descrescentibus, marginalibus postices 
utringque prominentibus, articulo singulo plica 
transversali diviso ... * 
which latter refers obviously to Wagener's "articuio spuria"; 
while it is also to be seen that, as regards the shape of the 
atrobila, he was dealing with ieee contracted specimens, the 
length being cited as ranging from one and a half times to two 
inches. Ariola (1900 : 397) said: 
"Strobila snteriormente assai pie stretto 
dello scolice, a guisa di peduncolo; le prims 
proglottidi sono rettangulari, strette, ma 
rapidamente ei allargano; raggiunta la massima 
dimensione, la conservano sino all witimo tratto 
del corpo, dowe nuovamente si restringana. Le 
proglottidi mature hanno angula posteriori arpena 
visibili; le ultime presentano forma trapezoidale." 
and Johnstone (1909 : 89) stated that 
"The posterior proglottides are much broader (in 


the transverse axis of the strobila) than they are 
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long (in the longitudinal axis of the strobila); 
and their anterior extremities are narrower than 
the posterior ones, 30 that the edge of the stro- 
bila appears to be serrated. Secondary segmenta- 


tion of the proglottis often occurs." 


In fine, Wagener, Diesing, and Johnstone are, te the 
writer's knowledge, the only workers who have referred to this 
spurious articulation or subdivision of the scgements into false 
secondary segments, -- although Luehe (1903 : 629) repeated the 
etatements of the first two authors. Furthermore Warener did not 
figure the adult strobila of the apecicsa to show the structures in 
question, but in the legend for Pig. 79, Taf. 7 of Dibothrium 
heteropleurum, -- now, Amphicotyle heteropleura (Dieeing) -- says 
only thet "Man sieht die artioulo spuria, welche die echten 
Glieder, wie bei Dibothrium crassicers, in der Witte theilt", and 
further, ag regards the difference in structure of the sidee of 
this species, "Der Schein entsteht durch die noch dichtere Zu- 
sammendrangung der Felten der wahren und falschen Glieder auf der 
coneaven Seite." In his legend (p. 61) for Fig. 6, the egg of 
Q. erassiceps, he @lao said: "Jedesa Glied hat in der Mitte eine 
Falte, die ihm dae Ansehen giebt, ales besatunde «s aue zwei Gliedern.® 
Thus there is reason to believe that for this epecier no one 
(apart from Linton's Pig. 258) hes ac yet deseribed nor ficured 
what the writer here calle spurious articulations, but that these 
workers were referring to the secondary division of the segments 


of the anterior end of the strobila which proceeds in the manner 




















:(altdorte od? to wise: Leatiort tyoral pdt. inal peti 
aad? séewortex sts- on.tt tmexdxe tetredne tind? ban 
othe ‘ate Yo Gene ont deae be eeme sotteteoy ‘edd 


eet Te Tir Pooses :Sereries’ ‘et or eréeqee’ elda : 
® , et Noo9 Led stenaigone ot Pro aoae ina 


i 


Prep? .et6 oxnteation bar wares Bene, : 
etdd ag t a'r xoton aved oie bteasow van eat ptrelesan 
eter oF4% staeugen edt ‘to ote ty thatwe, %0 wanealen toan iy 
Pt i hn 


_ oat Bete os ese r B09!) adi oard dgvedt ie - -~ - eta One 


(Pan oe ae 
toa bin. <1 atone axour ot rist esodtua one death oat ai 
ie Nh Te? 


Gi es° tows re oat node. ot ep tonqn val! to attdocte tiyba 4 
Bile sitodia ‘totter WEY ait a9) puree od? at ‘tod 


eXig <= “ (aatonsd) Le Lgonetad ofyteg tuama 00 = a 
see aoe doe 4th adofer \atieqs algo tise ott taste cs 
bas (Pet tot® stein o80- xh ago innate sutasited Ig ted ak 
Re eettn ott: To out guste. et. sonoxet hth eas: abreges a ! : 
“US oz odapth hermner wh tons dotetas ehaaee a “onto : 
teb tga teh #219 emtoa ist bee we sdan ab norks of nob ser a 
Bo.gee ade 8. pet wet (£8-54) dasart ati al. "atin 


sate etcit seb ot ted be tid sebat* tibet cela ed bead 


7 ? 


Sgtsheblf Raw, eum we ob: asttiets gta aaty memes ean iT? et | 
win om a6iseges eta? tel dad? Ovni ee ot mneet ef ono 

rf - ‘ff AH Cy 

batsrzt} tow hed izee mn had ee and (AAG ptt a ansans Tis 


u 


esedt tad? tud ane ite ite aan burye wlfLao ved aah: 
ofaveges of¢ Yo note kth TTAbRUD ae dy OF gnirietes: exon 


-~ 


[orieem oat at ebhoooety dgtdn ok kdorte wit to et soberan 


Bel 


described for B. scorpii et al, altho not so clearly (Fizs. 76 and 
78). This is borne out by the fact that the spurious articulations 
described here never reach the median line of the strobila, much 
less pass completely across it as do the true posterior borders of 
the proglottides (Fig. 79). In one moderately relaxed atrobila the 
first segment showing spurious articulations appeared ii.?7mm. from 
the tip of the scolex, while in another which was quite contracted, 
especially anteriorly, 4.8mm. In the former case the next two 
pairs of these structures, -= and all of these in -question harpened 
to be bilaterially symmetrically situated, -- appeared in the fourth 
and thirteenth segments foliowing. 

The following table gives various external measurements of 


specimens in alcohol, which may be of use for comparison: 


Number of specimen 204.1 204.3 204.3 204.4 382.1 359.2 
Little 
Length 87mm . 92mm. 43mm. more than 29mm. 72mm. 
scolex 
Length of scolex . 
(lateral view) 0.87 0.59 0.46 0.43 0.63 90.83 
Length of bothrium 1.08 0.77 0.64 0.64 1.00 1401 
Breadth of scolex 
(bothrium) 0.75 0.87 0.53 0.53 0.67 0.90 
Thickness of same 0.87 0.64 0.68 0.58 0.74 1.21 
Breadth of Seg. I Much con- 0.40 0.37 wees ©6008 082 
(anteriorly) tracted 
Ditto, posteriorly . Ditto 0.53 0.60 0.53 0.74 1.16 


Thickness, posteriorly 0.37 0.38 0.24 0.37 Oe SPuhees 


Greatest breadth | 
Anterior part of prog. 1.01 0.82 1.06 sees 1-30 ceee 


Posterior " ° ? 1.11 1.04 1.16 eee 1.48 1.38 
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None of the above six specimens were considered to be complete 
posteriorly. The posterior proglottis will be dealt with below 
under the exoretory system. 

Posteriorly the uterus-sacs appear as a series of gradually 
enlarging, dark punctations, as desdribed below, not so pronounced, 
however, a3 in B. seorpii. 

The cuticula varies in thickness from 3 to 5¢, the most 
common measurement being about 3.64. Resting on a distinet base- 
ment membrane, well shown after the use of Mallory's atain, it is 
divided into two strata of equal thickness by @ granular layer, 
the components of which scem to be related to the bases of the 
stout, somewhat club-shaped bristles or "hairs" which constitute 
the outer moiety. While the inner stratum was found to be homo- 
geneous with the stains used, the outer showed two intensities of 
color, an inner lighter and an outer darker. The former repre- 
sents the narrowed central ends of the spindle~ or club-shaped 
iebatees, while the latter is determined by the well-stained 
bodies of the bristles themselves. Linton (1901 : 473) gaid that 
"the cuticula is covered with minute spines", but Johnatone (1909 
: 88) said concerning these structures; "I oan see nothing of this 
kind in the species before me." All over the scolex and in the 
form of a band on the posterior borders of the proglottides (Fig. 
82) these bristles become modified into stouter spinelets from two 
to three times as long and everywhere directed posteriorly, quite 
like those desoribed clsewhere (Cooper, 1914b : 85) for Haplobo- 
thrium globuliforme, but much longer relatively; thus indicating 





their function as aceessory organs of attachment. The largest 
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spinelets are in the middle of this band, those at the edges, that 
is in the antero-posterior direction, gradually merging in length 
into the bristles of the cuticula of the neighborhood. Furthermore 
they are arranged in the same manner on the posterior borders of 
the spurious articulations and all the secondary segments situated 
in the anterior portion of the etrobila. They were originally re- 
ferred to by Yagener (1854 : 5) and later by Diesing (1863 : 336) 
("artioulo singulo ... postice olliis instructo"), by Cohn (1902 : 
55) and by Luehe (1902 ¢ 238, 347) who considered "dass es sich 
nicht um in die Cuticula einzesenkte Stacheln handelt, wie bei dem 
‘Stachelkieide so vieler Distomen,sondern nur am Fortsitze der Cuti- 
eula, durchaus analog denjenigen, welche Looss an der bereits oben 
citierten Stelle fur Haematoloechus asper abgebildet hat.® 

The cubouticula, about 20» in thickness, consists of fairly 
elongated cells, the nuclei of which are situated at their central 
ends close to the vitelline follicles, while their boundarics are 
difficult to ascertain, the whole layer thua being more of the 
natuze of a syncitium. For about one third of their length immed- 
iately beneath the cuticular the cytoplasm becomes broken up into 
&® number of more or less parallel processes which stand out in dis- 
‘net contrast with the deeper inner ends of theeells especially in 
transverse sections. _ 

The parenchyma, everywhere encroached upon by the voluminous 
reprodwtive organs, is in the form of a comparatively open reticulum 
showing no features of special intersst. It is naturally most abun- 
dant in the posterior flared enda of the proglottides. In small 


strobila it is more compsct in structure and has relatively more 
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nuclei in its meshes. Distinet spaces, formerly occupied by 
esleareous bodies, such as are readily and distinotly seen in the 
parenchyma of B. scorpii, were found neither in the scoiex nor in 
the strobila; nor were these structures noticed in living material. 

The musculature is composed of the typieal three seta of 
fibres, interferred with in the usual manner by the large reproduc- 
tive orgens and their external openings. The sagittal and coronal 
series are only moderately developed, while the longitudinal series 
if about 104 in thickness and situated within the coronal scries. 
Ita fibres are arranged in bundles of irregular shape (in cross- 
section) and width but of this uniform thickness, excepting where 
they are naturally much flattened out dorsally and ventrally by the 
distended uterus-sac. Otherwise they are continuous from joint to 
joint. A very weakly developed series of outer longitudinal muscles 
is also present while the muscles of the posterior border of the 
proglottia (vide Luehe 18972) are poorly developed, in faot even 
less 30 than in Bothriooephalus, s.str. The cuticular musculature 
is typical. 

In the scolex the coronal fibres are better developed than 
the sagittal ones and pass around the bothrium closer to its lumnn 
than tn its external surface, while the latter are mostly confined 
to the region between the bothria. The inner longitudinal muscles 
of the strobile pass forward into the sacolex, dividing as they meet 
the lumen of the bothria to pass around them and attach themselves 
to the margins of the apertures. They are thus directed somewhat 
obliquely as shown in Johnstone's Fig. 18 andjlesé¢ribed Qe 09 vane 
running irregularly, probably obliquely, round the walls of the 
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bothriun. These no doubt funotion 2s constrictors of the latter." 
A fex pass on forward to the tip of the soolex to assist in cctiva- 
ting thet region. Between the bothira, however, they were found to 
be separated into dorsal and ventral layers ae in the strobila, and 
not united into a single coronal band as shown by Johnstone. The 
bothrial sphinoter (Fig. 76) is a powerful bundle of fibres, about 
O.07mm. in transverse section surrounding the aperture close to its 
eutiocula. In tranaverse sections of the acolex it appears as a 
| deeply staining mass on each side of the opening, also shown in 
Johnstone's Fig. 15. As it orosses the aperture anteriorly it 
becomes greatly attenuated, which fact with its comparatively great 
‘gize at the sides and posteriorly accounts for the almost complete 
Gigappearance of the aperture in many adult, preserved scolices 
owing to the powerful contrection of this muscle from behind forward 
thus diminishing the opening towards the tip of the scolex. From 
their arrangement it is to be seen that this sphincter, evidently a 
modified group of coronal fibres, and the longitudinal muscles in 
the seolex play a more important role in the movements of the 
bothria than do the other groups. On account of the oblique course 
of the longitudinal fibres they would evidently act in diminishing 
the size of the lumen of the bothrium as well as would the circular 
(coronal) fibres of the latter. | 

The nervous system consists of two longitudinal strands 
which enlarge in to tip of the scolex to form two somewhat elongated 
genglia, united by only a few fibres but sending out comparatively 
large nerves to the bothria. In the strobila the chief strands, 
each from 15 to 20y in diameter, are situated ventrally in the 
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medullary parenchyma just within the longitudinal muscles and 
from one-fifth to oge~quarter the width of the strobila from its 
lateral margins (Pig. 80). About half wayalong the acolex the 
strands are about 8O0p in ciameter, while the somewhat amaller 
genglia are close together about 0.15mm. from the summit. In other 
Words the chief strands enlarge and diverge graduslly until the 
equatorial region of the scolex is reached and then diminish in 
size as they converge to form the ganglia. A pair of prominent 

_ merves is sent forward on each side to supply the saddle-shaped 
grocve described above. In young strobilae the nerve strandsere 
situated midway between the doresl and ventral surfaces, and not 
ventrally. 

The excretory system consists of a pair of longitudinal 
vessels, situated ventrally, that is in the same frontal plane ag 
the chief nerve strands, each vessel being in the anterior end of 
the strobila about half way between the nerve strand and the median 
rows of reproductive rudiments. These vessels break up in @ very 
irreguiar manner into extremely elongated loops, so that for con- 
siderable stretches four vessela will appear while again the 
‘branchings will be so numeroug as to make it very difficult to de- 
Gide, on looking at a transvere seotion, which are the main chan- 
nels (Fig. 76). In other individuals four veasels appear, so that 
- We must conclude that the pair just mentioned represent the latter 
fused at times but separated again to form the loops. But whether 
these four vessles represent the typical four of other orders it 
was found impossible te decide, excepting from compari sone with 


other species of this order. These main vessels may continue back 
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into the ripe joints close alongside the uterus-sacs, but they 
usually break up into a very diffuse reticulum throughout the 
medullary parenchyma in the region where the openings of the cirrus 
and vagina pierce the cutioula in development. Behind this region 
it was found impossible to trace the main vessels with satisfaction. 
The system usually passes into the scolex 4a two vessels, but soon 
breaks up into an elaborate reticulum which ramifies between the 
bothria and throughout their walls. These branches are shown in 
Johnstone's Fig. 15. As regards the conditions of the excretory 
system in the extreme posterior end of the btrobila, the material 
at hand permits of only negative conclusions. In the yopngest 
strobilac, such as that shown in Fig. 77, the vessels converge 
posteriorly to open into a notch in the cuticula, there being no 
definite pulsatile vesicle such as is present in plerocercoids of 
the genus Proteocephaius, for instance. From this and the further 
fact that Wagener (1857 : 93) showed (Fig. 6, Pl. II) the main 
vessels in a very small strobila, which he examined while it was 
alive, passing separately to the outside, we are led to conciude 
that the vesicle, if every present, must have been situated in the 
walls of an enveloping cyst and disappeared with the latter aa in 
the Trypanorhycha or the Cyclophyliidea. Thia seems to have been 
Wagener's idea of the situation when under his Fig. 65 (1854 : 68) 
he said: "Man sieht keinen pulsirenden Schlauch am spitzen Schwanz- 
ende. Esa muss dics Thier auf ahniiche Weise entstanden sein, wie 
das in Pig. 74 dargeatelite," and Fig. 74 is that of "Dibothrium 
(Belones?)" from Scyllivm canioula enclosed in a cyst in the walls 


of which "man sieht der Gefasse der Geatodenblase." 
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The earliest reference to the genitalia of ¢. orassioeps 

wag by Rudolphi (1819 : 477) where he said: 
"Ova vel ovalia vel ovata, forsan secundun 

majorem maturitatis gradum. A B. punctato diver- 

sissimus, licet ovaria laterslia fusecepsoant, sed 

heaec ipsa etiam in B. crassicipite quam in B. punc- 

tato majora sunt.* 

‘The structures called ovaria were evidently the uterus-saca. 
F. 8. Leuckart (1819 : 46) deseribed the reproductive organs of 
his B. pilule as follows: 

" 4+. die letzte Hilfte der Glieder breiter als 

lang, mit deutlichen, weiseen ovarien. An den 

uteren Gliedern sieht man oberhalb jedes Eier- 

stockes einen wasserhellen Punct, wahrscheinlich 

Oeffnung fur das mannliche Zeugungselied." 
From a comparison of this with his description and figure of pos- 
terior proglottides of B. scorpii, it ia evident that he too was 
dealing with the uteri and their openings respectively. He also 
referred to ® ... den schwarzen Punoten des Korpers, die Rudelphi 
fur Ovarien gehalten® of Redi's worm, which Rudolphi wailed 
(18}0 : 67) Bothriocephalus Gadi merlucoii and placed in his 
"Species dubiae." Wagener (1854a : 61) said that 

"Die Fier Haufen sich in obersten Theile der 

Glieder an. Der Dotterstock verzweigt sich uber 

das ganze Glied und liegt overhal$ des vescicules 

traneparentesa van Beneden. Die Geachlechtsdffnung 


ist in der Mitte und lateral." 
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Diesping (1863 : 236) placed the "Aperturae genitalium laterales 
in linea mediana." Ariola (1896 : 265-266) gave the first com- 
prehensive description of the reproductive organs in the following 
words: 
"Tuttaria sul corpo si oaservano macchie scure 
molto sporgenti, constituite della massa di gova. 
Tali rilievi non sono propriamente, neila linea 
mediana, ma collocati a destra o a sginistra di 
essa, formando in tal modo une striecia 4a zig-zag. 
L'aperture genitale maschile sbocca sulla 
faccia dorsazle, e sulle opposta si apre l‘utero. 
In aloune proglottidi 1’?ovario ¢ bilobo, la 
wova sono ellissoidali e maneano di operculo.® 
Luehe (1899 ; 42-44) in defining the characters of the genus gave 
the gencral features of the genitalia, while Ariola (1990 : 397) 
enlarged his own 1896 description: "Overio con numerose nova, 
talora bilobo; uova ellissoidali aventi nel diametro longitudinale 
67 e nel trasversale 32..." #£=Braun (1900) reviewed the litera- 
ture on the genus and species up to date, and Volz (1900) discussed 
the reproduttive organs of the species as compared to those of his 
B. spiraliceps and the position of the openings in connection with 
brief remarks on the phylogeny of the genius Bothriocephaius s.lat. 
As regards his own specimens Linton (1901 : 473) said that "Pos- 
terior segments show rudiments only of the reproductive organs, but 
no indication of external genital openings." And iater Johnstone 
(1.0. : 89) remarked that "the genital openings are in the middle 
line of the proglottides but near the anterior borders of the 
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latter," referring evidently, as will be scen lated, to the uterine 
openings only. 

The rudiments of the reproductive organs appear about 
three millimetres from the tip of the scolex 4s aggregations of 
nucleu that ean just be discerned in toto mounts (Fig. 76). About 
three millimetres farther posteriorly in moderately contracted 
(such as would be obtained if no special care were taken during 
the fixation of the material) older strobilas the cirrus and 
vagina are seen to be just piercing the dorsal surface. Before 
this resion is reached, however, the common rudiment, at first 
@irecular and then é¢longated oval in outline, differentiates into 
@ more anterior portion, the rudiment of the whole uterus, & more 
posterior lesa elongated part, the beginnings of the cirrus-pouch 
andyvagina, and a third, connecting the other two near the hinder 
edge of the proglottis, the nuclear aggregation that will devolop 
into the ovaries and the organs of the interovarial space (Fig. 79). 
As mentioned above in the specific diagnosis, the first two of 
these rudiments alternate irregulerly from side to side as do the 
corresponding adult structures. At the same time the testes and 
vitelline glands are developing in the medullary and cortical por- 
tions of the parenchyms, reapectively. 

A distinet genital sinus or cloaca, the opening of which 
ie usually almost circular in outline, is present (Fig. 83). It 
varies from 0.05 to 0.09mm. in diameter and ia situated, as above 
noted, hearly in the median line, dorsally, and from three-fourths 
to one-half the length of the proglottis from its anterior border, 


usually just posterior to the spurious articulations when they are 























sete se ot: oe al sewe! 6 LE Sean tint active gaiwiste if 
teeta megan Dama ne 2 Seca ihe sail tt Te s1aenk it eat? vuniel 





Ye anoliauergge (ou eelece pdt. To ghs aed worst. ecutanbite 
 : baods ; (at ate Bi etauon oFor- “eR - peceawee £0 we aut hoo todd 
| be soe whwas- ete ‘Sevebom af gh, voles tal batctn eotteat biti ne 
‘gairsh ater enor otap Ladseqe oe BP: ben teido cs ato vai 

hao novate edt eelidorte sebio (khenotum odd Rove “a ond? 
o10hee Logstie Deatob odd patesetq! tag, és oo no0w ey 

ger chy de ,tweathes apm ode tavewnd , Redoaete ot a 


* t ay 


ota wodatts ANOLE LTR vom i line ae: sha aanoaane sft do ba of " 


A 
‘ i puis i 


sete okt eeedy ond bot ot gaitoranos ba tite & baeit. 
qo.dereh Liiwv Jad? a6 lranstges tee lamt ode seni totgonny 6 
F “ed i) enede Latex voretat ee ‘te enero ott Ban ee! = 
ae ee ee panb Ort toogs: ay shove a | 
et? ob Seven te cof adhe wott rcosokangire: atonwnt fe ates 
Piece doteed odd ome Amba odd ea eormborst® +o Lisi 4 
“ton ‘Edo sey Dsse vustlebes eat ak gr iqad: veh ote abue tg 
thevatoedeet .nupionsrag’ 


do lin ho 9a image “ett “gow >£0 te enmnig Lsdines Pontes sok 


7 l *.{82-.9 8) Papeory bf) ,sadisu ak tesaorto teomSe Uli ZT 
a) Svode ae , betas ef baa teeewets mf. meno, 0/ oF bahia won 
pei 


ed@xvot~orv1is motl baa ¢yliawved peal asipom ‘eat wt ‘eoune 


| ~sebted «adicedne's PE one wiMolaony oft to: “atgtet ott utin ie 
: ota Yoss node eno tyakeo bpce enokiver ealiiatall roltdtesy ve x 
a Aa. d . ‘ae 
% > ce Ra aio} 


é i . 
Tearek ser. |. a? : 


Pe i eae yay Sila Po 
f ? wi T oh tay i.  °?) le,  - ¢ 
B* “4 as, a i ae , e aes Bey Re ys i8 | us I : R 


631 


present. At the bottom of this sinus there is a secondary cloaca 
("Geschlechtstasche® or "Ductus hermaphroditiocus"), also circular 
in outline, from 15 to 35p in diameter, and into it open the cirrus 
and vagina quite close together, the latter immediately behind the 
former, This secondary sinus is best ssen in sagittal sections 
(Fig. 82). The genital pore (the opening of the main sinus) is 
éleyated slightly above the general dorsal surface of the immediate 
neighdorhood, thus appearing as a low cone or crater. No sphincters 
were found to control the openings of either of these sinuses but 
the cuticula of the floor of the larger or outer wag seen to be 
modified into coarse, low, rounded and close set papillae which 
are evidently ef special intortance during copulation. As regards 
the latter it was concluded that these papillae would sefve to 
temporarily fasten the structure into the primary sinus of another 
proglottid, when it is possibly everted with the sirrus. Nothing 
#23 ouperved on copulation in this species during life nor were 

any eases of protruded cirrus met with in the material ot hand. 

| All of the proximal portions of the reproductive organs, 
excepting the vitelline follicles, are located in the meduilary 
parenchyma, although the much distended uterus-sae, originally in 
the latter, extends almost to the cuticula on both the dorssl and 
ventral surfaces. Fig. 81 shows their arrangement in toto. 

The testes are closely arranged in the medullary parenchyma 
in two lateral fields, otah bounded laterally by the junctions of 
the doreal and ventral layers of longitudinal muscles and medially 
by the other reprodudtive organa (excepting the vitelline glands) 
which occupy in the quadrate proglottides about the middle one-third 
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of the transverse diameter of the etrobila and are contiguous from 
joint to joint. In- the quite mature elongated proglottides the 
testes are ellipsoidal in shape, averaging 0.125mm. in length by 
0.040 in diameter, the eros3-section being usually about circular 
in outline. In younger joints and in all those of much contracted 
strobilae the testes are nesrly spheriesl in shape, measuring about 
80 fe in diameter, or often slightly longer than broad. They are 
arranged in 2 single layer in the medulla, the whole dorsoventral 
Giameter of which they occupy, and ere pebnbabens from proglottis 
to proglottis. From 3 to 4 appear in each lateral field in trans- 
verse sections, from 5 to 7 are seen in sagittal sections between 
the posterior borders of consecutive proglettides, while, so far 
as could be determined from coronal sartes direetly, the number is 
from 20 to 25. Thus each proglottis contains from 40 to 50 testes. 
The vas deferens forms a wedge-shaped mass of closely ar~ 
ranged coils, extending forward immediately ahead of the oirrus- 
pouch ond slongside the uterus-sac for about twoethirda of its 
length (fig. 81). In proglottides in which the latter is yet 
comparatively small the vas deferens may pass forward as far as 
its anterior end. In either case it forms with the cirrus-pouch 
& mags which alternates from right to left with the uterus-aac. 
When distended with sperms the duct averages about SOW in diameter; 
but just before it enters the cirrus-sae anterodorsslly it narrows 
down to 5p. Immediately within the wall of the latter it often 
enlarges again to form a thin-walled funotional vesicula seminalia, 
or perhaps more correctly ductus ejaculatorius, from 13 to ssp in 


diameter. After one or two short turns it diminishes egain to about 
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Sp and then passes on as the cirrus proper. While the proximal 
portions of the duct do not pass in any dcfinite diréeotion, the 
latter is situated for most of ita length in the longitudinal axis 
of the pouch and is about 0.10mm. long. About 20 to SS p at its 
middle, 1t is lined with a sutioula, 10, thick, which ia cieft 
but not armed with bristles of any kind. 

The cirruagac (Pig. 83) situated immediately behind the 
uterus-sao or lateral to ita posterior end, is elliptical to slight- 
ly oval in outline, and mezeures 0.138+0.163mm. long, 0.087-0.116mm. 
wide and 0.098-0.116 deep. The longitudinal axis is direoted 
enterodorsally from the genital sings and to the right or left, 
according as it alternates with the uterus-sac. The proximal 
one-third of the contents of the pouch consists of loose parenchyma- 
tous tissue with a few musele fibres surrounding the ducted ejacu- 
latorius, while the distal two-thirds, thet part which accommodates 
the cirrus proper, is supplied mostly with muscles which actuate 
the latter. Large fibres proceed somerhsat obliquely from the wall 
towards the proximal pole of the sac to become broken up or frayed 
before they are attsohed to the cirrus tancentially, so as to give 
the appearance in frontsl sections of the latter being surrounded 
by a comparatively heavy layer of fine lightly staining circular 
fibres. A few of the fibres closest to the autioula of the cirrus 
| were oonaiders® to be true circular fibres; but no longitudinal 
fibres were eéeon. The wall of the cirrus-sac is from 2 to 3u 
thick and is made up of very fine closely matted fibres, the direc- 
tion of which could not be determined with satisfaction. The sac 
lies freely in the parenchyma of the region and is not connected 
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by any special muscles to the dorsal or Yentral body-walls; nor 

are the body muscles attached to it as in some cestodes. The 
layers of the latter are simply pierced and the fibres turned aside 
in evidently a passive manner. 

The opening of the vagina is close behind that of the cirrus 
at the bottom of the secondary genital sinus, or as it has been 
ealled by Fuhrmann, "ductus hermaphroé@itiocus”" (Fig. 83). From this 
point the duct courses ventro-posteriorly in the mid-line and then 
paralilei to the dorsal surface of the proglottis until it reaches 
the ovarian isthmus, above which it makes a few turns and quickly 
diminishes from 20,4 in diameter half way along its course to 10p. 
It then dips farther down into the genital,space, often enlarging 
slightly as it does, and soon joins the oviduct at an enlargement 
of the latter situated a short distance behind the oocapt. 
Throughout its length it is lined with a ragged or pseudociliated 
cuticula and surrounded by radially arranged nuclei connected with 
the cuticula by cytoplasmic strands like those described by the 
writer for H. globuliforme (1.c. : 105) and considered to be 
possibly extruded nuclei of the original epithelium as well as the 
myoblastic nuclei of circular fibres, a Fyer of which surrounds the 
duct. There is no vaginal sphincter. 

In his generic diagnosis Luche said that the receptaculum 
seminia 1s small and in his description of the family, Ptychobo- 
thriidae (1902 : 327) that when present it is "in Gestelt eines 
kleinen Blindsickchens ausgebildet, welehes parallel newen dem 
Endabschnitte des Oviduktes.liegt and mit der Vagina unmittelbar 
vor deren Vereinigung mit dem Ovidukt in Verbindung steht.*® In the 
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sections at hand, however, it is a comparatively large structure 
and very difficult to orient in seotions made in any direction. 
It is in the form of a thin-walled sack about 60x30 , wrapped 
somewhat spirally around the dorsal wall of the above-mentioned en- 
largement of the oviduct and opening by an aperture equal to its 
whole diameter into the vagina just at its juncture with this 
vestibule. But since the vagina constantly constricts a second 
time to a diameter of about 8» before entering the latter, one 
gets the impression of the receptaculum seminis being a diverti- 
Gulum of the oviduct rather than of the vagina. Pig. 83, of four 
eonseoutive sections of a transverse series, showing the union of 
these ducts, will give a better idea, perheps, of the natureot 
the seminal receptacle. 

In mature proglottides the ovary (Fig. 80) is a bilobed 
atructure situated in the median line, close to the posterior 
border of the proglottis and immediately ahead of the uterus-sac of 
the proglottis following, where the latter is much distended with 
eges (Fig. 31). In toto mounts the lobes seem to be quite separate 
from each other and apparently unconnected, but in sections the 
isthmus is easily made out. It occupies the ventral half of the 
medulla while the wings or lobes extend completely across the space 
betweenthe layers of longitudinal body muscles. The lobes are 
about 0.27mm. long by 0.13 wide, while the isthmus is 0.08-0.08mm. 
in anteroposterior diameter. These propertions are, however, much 
different in such eontracted atrobilae or in proglottides in which 
the uterus-sac is distended with eggs. In both instances the ovary 


is very much flattened anteroposteriorly and, in the latter case, 
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all but obliterated, as shown in Luehe's Fic. 8 (19023 : 326). The 
ova from the isthmus where they are ready to be passed on by the 
oocapt, are elliptical to oval in outline in sections and measure 
on the average 18 x 10p, their nuclei being about 9 f& in diameter. 
The oocapt, situated in the median line at the posterior 
border of the ovarian isthmus, somewhat dorsally, is @ spherical 
to ovoid muscular organ, about 20p in diameter (Fig. ). Imnme- 
diately behind it the oviduct constricts to a diameter of only 7h 
to 10 and then passes on posteriorly and ventraliy either to the 
right or to the left, gradually enlarging until the above-mentioned 
vestibule is reached, when the diameter is 25 to SOp . The latter 
enlargement does not seem to be a direct continuation of the ovi- 
duct but a more or less separate thin-walled structure, -+ the 
walls of the oviduct up to this point being comparatively thick 
(Fig. 82) -~ into which the oviduct opens by a slightly clongated 
aperture. While the wall of the first portion of the oviduct is 
quite thick, comparatively speaking, and consists of more or less 
cubical ciliated cells with somewhat indefinite boundaries, -= or- 
dinarily they stain very densely, -- the vestibule has, like the 
regeptaculum seminis, a thin wall from which only a few scattered 
nucles protrude into the lumen. The oviduct continues posterio- 
laterally and ventrally from ons cortier of the vegtibule -- that 
with which the vagina is usually sonnected, -- as a tube quickly 
diminishing from 15 to 10m in diameter and lined with a ciliated 
epithelium with prominent nuclei but no distinet ocll~boundaries. 
Close to the anterior wall of the uterus-sac of the next proglottis 


it turns upward sharply and at about the middle of the dorsoventral 
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diameter of the medulla takes on the vitelline duct. It then skirts 
the uterus-sac, just mentioned, as it passes to the opposite side 

of the generative space and slightly forward to soon become sur- 
rounded by the shell-gland. 

The vitelline duct at its union with the oviduct hes a 
diameter of 8p, but just beyond this, in the direction of the 
follicles, it soon enlarges to form 4 somewhat irregular vitelline 
reservoir which when filled with yolk may attain a diameter of 
30v. Its general course is towards the opposite side of the 
generative space almost paraliel to either surface of the body; 

‘but beyond this it could not be traced with satisfaction. 

The vitelline follicles fill up almost the whole of the 
cortical parenchyma from the layer of longitudinal body muscles to 
the nuclei of the subcvtioula, the thickness of the stratum aver- 
aging O.oS5mm. (Fig. 80). They form a continuova layer sround 
the margins of the proglottides (in tranaverse sections) and also 
from proglottis to proglottis, as mentioned ert, even extending 
well into the posterior borders. They are not arranged in lateral 
fields, but are interrupted only where the uterus-sse and cenital 
ainus pierce the body-wall, or in the former case greatly press 
against the latter. The individual follicles attain a size of GOp 
long, 30, wide and 50n deep (the thickness of the whole layer), 
and are very closely crowded together. The number ist cross-sections 
of the proglottis averages 55 and in sagittal seotionsa 13, thus 
making the average total number for each proglottis 715. 

The shell-gland is situated in the dorsal portion of the 


genital space, that part of the oviduct showing the connections 
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being almost horizontal in position and about 18p in diameter, that 
is, a little larger than the oviduct behind that region. The indi- 
vidual cells of the gland are much attenuated, closely arranced 

and have their nuclei situated in their slightly enlarged distal 
ends. Their connections with the oviduct give the wall of the 
latter a honeycombed app @rance when it is seen in longitudinal 
section. 

Beyond this region the oviduct gradually enlarges as it 
passes above the ovarian isthmus to become the uterine tubs, the 
eoiis of which are accommodated opposite the cirrus pouch just be- 
hind the uterus-sac. As it proceeds its wall gets thinner, the 
nucle’ protrude more and more into the lumen until many of them are 
evidently lost. It is noteworthy that the uterine tube in many 
eases a3 well as the uterus-sac especially in younger proglottides, 
alternates irregularly from right to left according ag the cirrus 
and vas deferens do. These three structures are, infeot, fitted 
very nicely into the space between the uterus-s2c ahead and the 
ovarian isthmus behind. 

The uterus-sac is elliptical in outline, has ita longitu- 
dinal axis directed anteroposteriorly, and is situated in the an- 
terior half of the proglottis where in very mature segments it 
occupies almost the whole of the medullary region, or to be more 
precise, the middle three-fifths of the diameter of the oreclottis, 
ites anterior and extending forward olose to the ovarium of the pro- 
glottis immediately ahead (Fig. 81). tkLuehe (1902a : 326) figured 
the uterus as, to use his own words, " ... in der Regel eine ge- 


raumige Uterushdhle bildend,weleche die ubrigen Genitalorgane, ohne 
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dase freilich deren Ruckbildung eintritt, buchstablich an die Wand 
drangen kann, indem die ganze Proglottis in reifen Proglottiden 
vielfach als ein einziger sackformiger Fibehalter mit verhaltniss- 
shete sehr dunnen Wandungen erscheint." But such a degree of re- 
striction of the other genitalis was seen only in a few of the 

ripe proglottides of strobilas much contracted longitudinally. 

Here the largest uterus-3ac measured 0.8mm. wide by 0.67 long, 
while the width of the proglottis in question was, at the posterior 
borders of the spurious articulations, 1.57mm. In fairly relaxed 
strobilas it inoreased in dimensions from 0.18 x 0.l4mm., where the 
first eggs appéared in the lumen, to 0.87mm. long by 0.48 wide, 
where the proglottis was 0.80mm. wide at its middle, in the latter 
ease, of course, pressing against the dorsal and ventral walis 

even as far as the outicula. From 2 comparison of these measure- 
ments and the further fact that in the esse of the former much con- 
tracted strobilae there often appeared behind the region showing 
the nearly obliterated cenitalia a more relaxed one in which the 
rélations of the uterus-sac to the other organs was quite asa in the 
completely relaxed strobilas, one would be inclined to conclude 
that the characters of the family above quoted, would apply to this 
species only in the case of proglottides much contracted longitu- 
dinally. In the quadrate proglottides the smaller, that is, 
younger sacs alterate irregularly from right to left, as do the 
uterine openings, and according as the cirrus pouch and the vas 
deferens in particular (on account of its above-mentioned position) 
occupy the opposite sides of the proglottis. Externally, in alco- 


holic specimens, the utera appear as a gradually enlarging series 
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of brown punctations saused by the contained eggs showing through 
the thinned body wall, as pointed out originally by Rudolphi and 
other writers. 

The wall of the uterus consists of a thin membrane on 
the inside of which a very few scattered and somewhat flattened 
nuclei indicate ta original epithelial nature. In young progloet- 
tidea, where no eggs are to be seen in the small uterine cavities, 
the wall waa found to be composed of an epithelium about 8p thick, 
_ ghowing prominent nuclei but no distinet oell-boundaries. Purther- 
ihore in such early atages the lumina of the uterine ducts, develop- 
ing in the manner deseribed by Young and Shaeffer, are not complete- 
ly formed nor in connection with the cavities of the sacs, but 
the uterine apertures are prominent. In the first tvo or three 
seotions of a LOA coronal series, taken from the ventral surface, 
they appear as distinet somewhat elliptical apertures about 26» in 
transverse diameter, but in the third or fourth section are closed, 
Only to reopen as the cavity of the uterus-sac, thus showing that 
the membrane closing the aperture ia only about 10, thick. And 
this closed condition 14 maintained until the uterus-s3ac attains 
the above-mentioned maximum size and becomes greatly distended with 
eggs. Then the functional opening is established by the rupture 
of the membrane «hich has meanwhile reached a length of 0.046 --= 
0.058um. by a width of 0.084-0,.046, ita elliptical outline having 
been retained, The opening does not become «8 regular in outline, 
however, as the membrane, for the latter remaing around the rim as 
ragged processes, which render the determination of the exact loca- 


tion of the aperture in toto mounts = matter of no little difficulty. 
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The uterus opening is surrounded by a series of radiating cells 
like those of the opening of B,. scorpii desoribed above. 

The fresh eggs examined in saline solution were found to 
be elliptical to ovoid in shape, 75 by 40+ in dimensions and pro- 
vided with a thin very licht brown shell having no operculum. The 
color was so faint that it could be seen to advantage only when 
the eggs were in masses or in the uterus-eac. Ariola (1900 : 397) 
gave the mexsurements of the eggs of the European specics as 67 x 
3a. The largest examined were immature, the contents consisting 
of large spherical cells like those shown by Wagener (1854a) in 
bis Fig. 6, Taf. I, among which no traces of the hooks nor division 
into oncosphere nor mantle could be seen. When the scolices of 
the worm are still attached to thejweld of the intestine of the host 
tetvess: the mucous folds, they were found to often discharge many 
of their eggs from most of the posterior proglottidea when the 
ekolices were irritated with a blunt needle inorder to make them 
loosen their hold, which indicentelly is a comparatively firm one 
as one might gather from the strueture of ths scolex. 

As regards the life history of the species nothing definite 
was determined. 44 specimens of Merlucecius bilincaris were exam- 





ined at Woods Hole and at Harpswell, but no definite idea of a 
possible intermediate host was obtained. It was noticed, however, 
thet when the intestine of the fish contained much grey chyle, pre- 
sumably the result of the digestion of small herring, -- definitely 
ascertained at South Harpswell to be such in a few oases, and of 
the Blueback, Pomolobus senha vedie (Mitchill), -- no tape-worma of 


this species were present; but where amphipoda were found in the 
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stomach or the réedine of such in the intestine the worm was plen- 
tiful. Furthermore, where nothing was found in either stomach or 
intestines, other than yellowish chyle in the latter, -- as in most 
fish examined -- indicating amphipods nnd other smail crustaceang 

as food rather than smali herring, the worm was also common. Ail 
stages from the youngest strobilae, such as that shown in Fie. 77, 
to the oldest were found, Sut nome nor any plerocercoids, if such 

is the nature of the larva, were met with in the course of the 
thorough dissection of the available stomach contents of the host, 
both fish and crustaceans. In a number of cases, nevertheless, 
only very young strobilias were found in the intestine of the host, 
thus pointing to possible sudden infections at different times. 
Wagener, who figured the youngest strobila, nothing much more than 
the ssolex, that hig yet been recorded, says nothing more concerning 
the life history than thet, on mocount of the exeretory vessels 
opening separately to the exterior in this very young specimen, 
there might possibly have been a venicular appendage to the larva 

in the nature of an enveloping cyst comparable to that described and 
figured for "Dibothrium (Belones?) “from Scyllium ecanicula, con- 
cerning which he said (p. 45): "Vergleicht man diese Form von 
Cysticercus mit den vorigen, so ergicbt ik: tne der Unterschied 
nur in dem Aufhangebeutel sich findet, der Kopf und Blase verbindet* 


(Cyaticercus fasciolaris Rud.) 


A detailed description of the species is here given, not 





only beouuse it is evidently the only one belonging to the genus, 
but because such seems to be quite lacking from the Furopean litera- 


ture, which made the determination of the species here a hatter 


\ 2 4teed ad? To etnet mos doanote oldalsere de %O: meitoane: 


a 2 


(ioe ee 


) S cexaude exon douse goriddon stlidorte. ‘teepauoy nt exit 
|) ppteciannice stom galdtar eye ,Setooet aded sey wad i 


\) owe: TR sebhiourecorelg Vie son wom ae ones erow 


“\\ gh@od sik Xo eativetat odd at aio? exsW eslidorte 


“dae bedixgeeb tad? ot eidetaqmon teyo ‘peitino Sertete os ne 


“tebaldiey seci® tax 2got tab (foimt? tite Lotosdepadd was 


. a’ fe! P Nota Wh es RS PE SP ao cat Ls yh se Ae Rel ra a or a. 
. = : he ie i a) % net tt : ; ’ ‘ 
Gee 2 ch FE OT eh a en 
ua ; vi Aaa hs hevag es 























ioe 


-aoly eaw artow sid anttcetal edt af iioieecole ettoniey tt 
to doamote. caddie at Aawo® eon ia hitor stedw .@ ou ort 
‘Peon when -+ yusttel end? al slyado: de trottoy end? elite Be ite’ | 
| paseoutesrto £ Lem roto wom. qbogtiqme astsen tbat + aah 
i ELA... - AoMAoS oes wim arrow alt: nett red | fame ds beaaies: 
@ SV ght af ape ted 92) tom, Hel idanry Hee gitoy edt‘ 


ed? TO servos att at ditty dom rram. erred ede to. 
eonkeds1oven 8069 to Todasa 2 nt seasooatan 


8992t IaocetIth 2 eaoksoetat aebboe ofddovog ot 


afosouy _totetoxe ed? to. taooes 0 add! nade is 
-—¢Bomine7s pavey yisv ekdt ot toivedxe: dt oF Ce 
arsa£ edt of epobasyge takoe hee ‘= teed. ovad % 


“aco yelwo ines au LES YO® mort® (TeenoLetiy wa tidtodta* 
moe wet eaeth aw Mate lye" (0a +q) tae ra 
hetdos seta’ seb: eat ‘ptlote tee.teee ot ,meytvov seb tin 


{, fast atzpolosrent | tr) . 
ton pfeviy ered nt sylosye ode Yo modtqtiwesh BeLgared Me 


eidey ost of gatgaoled ego plko adv TLinwbtre at os osm ‘- 


-Stetiil casqows ef) mozt gutdoal ettup od ot oayee itoue : 


oe. 
? 


scitow 2 oted ee lceq: od? to pats ona prog t 
7 | ning? 
hat 2 i ee me ve 7 


ie 


a 
a 
way Y 


attended with considerable unoertainty. The writer, however, 
considers that so far as the published accounts and reports of the 
species go, we must look upon the form on this side of the Atlantic 
to be the same as the C. orassiceps of Europe. 

The material studied consisted of eight lots in the writer's 


collection from Yerlucoius bilinearis as: above listed. 
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Subfamily 2. AMPHICCTYLINAE Luehe, 1902. 


Scolex with two typical, mostly not very deep hothria, which 
can nevertheless develop posterior,sucker-like portions. In en 
isolated case « pseudoscolex is substituted for the scolex. [x- 
ternal segmentation insignificant, at times disappearing thru acces- 
ory wrinkling or folding of the surfeces of the proglottides. 
Opening of cirrus and vaginal merginal, irregularly alterneting, 
with more or less strongly pronounced tentency to unilaterelity. 
Uterus-opening median; uterus-see alwsys well developed. Coiling 
of vas deferens strong!s expressed. 

Occurrence: In fishes. 

Type genus: Amphicotyle (Diesing,1864) Ariola 1900, e.p. 
Luehe 1902. 


Genus 1. Abothrium van Beneden, chare emend. Luche, 1899. 


Taenia (part.) Auctorum. 
Rhytis (part. ) Zeder, 1803. 


Bothriocephalus (part.) Rudolphi, 1809. 
Bothriocephalus (parts) Rudolphi, 1819. 
Bothriocephalus (part.) Leuckart, 1819. 
Bothriocephalus (part.) Dujardin, 1845. 
Dibothrium (part.) Diesing, 1850. 





Bothriocephalus (part.) Baird, 1853. 


Dibothrium (part.) Diesing, 1863. 
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Bothriocephalus (part.) Olsson, 1867. 


Abothriun Peneden, 1871. 
Abothriun Moniez, 1881. 
Dibothrium (part.) Linton, }890. 
Abothrium Loennberg, 1891. 
Rothriocephalus (part.§ Matz, 1892. 
Bothrioteenia (part.) Ariola, 1896. 
Rothriotaenia (part.) Rig enbach ,1896. 
Abothrium Luehe, 1899. 
Bothriotaenia (part.) Ariola, 1900, 
Abothrium Luehe, 1900. 
Abothriun Luehe, 1910. 


Generic diagnosis: Secolex uot exceptionally elongated with 
two powerful but not especially deep bothria. Segmentation in 
older portions of the strobile mostly insignificant on account of 
superficial wrinkling of the individuel proglottides; ripe pro- 
glottides essentially broader than long. Longitudinal nerves the 
lateral borders, dorsal to the cirrus-sac and vegina. Testes ex- 
clusively between the nerve strands. Yitelline follicles of very 
irregular shape, in two broad lateral fields, in part oat least be- 
tweon the bundles of the longitudinal musclos, the follicles of 
individual proglottides not especially separsted from one snother. 
Ovary scarcely lobed, more or less bean- or kidney-shapecd. Shell- 


gland dorsal to the ovarye Uterus-sac in ripe proglottides an 
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undivided cavity, occupying the whole of the medullary parenchyma. 


The openings of the uteri correspond to a more or less prominent 


median longitudinal furrow of the chain of proglottides. 


1773 
1781 
1782 


1786 
1786 
1790 
1802 
1803 
1810 
1616 
1819 
1819 
1845 
1850 
1853 
1863 
1867 
1871 
1881 


Type species: 


Species l. 


Taenis decémpollicaris 


A. rugosum (Batsch). 


Taenia tetragonoceps (parte) Pallas 


"Ner runzlichter ?ischband- 


Lf 
wurn 


Taenia rugosa 


Taenia tetragonoceps (part.) 


Taenia rugosa 

faenia rugose 

Rhytis conoceps 
Bothriocephalus rugosus 
Bothriocephalus rugosus 
Lothriocephalus rugosus 
Bothriocephalus rugosus 


Pothriocephalus ruzosus 
Dibothrium rugosum 





Bothriocephelus rugosus 
Mibothrium rugosum 
Bothriocephalus rugosus 


Abothrium godi 


Abothrium gadi 


Coeze 


Datisch 
Cehrenk 
Cmelin 
Rudol phi 
Leder 


Yudolphi 


hudolphi 
Leuckart 
Dujardin 
Niesing 
Paird 
Diesing 
Olsson 
Reneden 


Monies 


Abothrium rugosum (Eatsch,1786). 
(E gs. 64 —92,) 

Strussenfelt 1773 : 

1781 ; 


1782 : 


1786 : 
1788 ;: 
1790 ; 


1802 
1803 


1810 ; 


1816:16 


1819 ; 
1819 : 
1845 : 
1850 : 
1853; 
1863 : 


1867 
1871 


1881 : 
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1889 Bothriocephalus rugosus Lins tow 1889 : 2&2 
1889 Bothriocephalus rugosus Vonticelli 1889 : 68 

1890 Dibothrium rugosum Linton 1890 : 750 
1890 Abothrium rugosum Loennberg 1890 : 22 

1891 Abothrium rugosum Loennberg 1891 : 75 

1892 Bothriocephalus rugosus Matz 1892 +: 113 
1894 Bothriotaenia rugosa Blanchard 1894 ; 701 
1896 Bothrioteenia rugosa kriola 1896 : 280 
1896 . Bothrioteénie rugosa Piggenbech 1896 : 228,228 
1898 lothrioteenisa rugosa Mueh Ling 1898 ; 36 
1899 Abothrium rugosum Luehe 1899 ; 39 
1900 Bothriotaenia rugosa friole 1900 : 432 
1900 Abothrium rugosum Luehe 1900a: 101 

1901 Dibothrium rugosum Linton 1901 : 412,476 
1903 Pothriotaenia rugosa Schneider 1903a: 7 

1910 Abothrium rugosun Tuehe 1910 : 26 


Specific diagnosis: With the characters of the genus. 
Large cestodes with maximum length, breadth and thickness of 1000, 
‘7 and 2mm.,respectively. Scolex present only in very young stro- 
bilas, when conice) ond provided with very week bothria, changing 
with age to a pseudoscolex of various shapes, usually imbedded in 
pyloric coecum of host. Proglottides at first broad and very 
short, obscured by irregular transverse and longitudinel pugee, 


then gradually lengthening with age until finally they are quadrate 


or longer than brood. 
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Cuticula Sy thick, subcuticula Ql4mm. ‘mall calcareous bodies, 
2Opin lengthe Longitudinal muscles in bundles, transverse for- 
ming septa between proglottides. Nerve strands dorsal to cirrus 
and vagina, 45p in diameter. Two chief excretory vessels anterior- 
ly, passing into 30-35 posteriorly. 

Genital cloaca irregularly alternating, between first and se- 
cond thirds of edges of proglottides. Vagina opens immediately 
behind the cirrus and slightly ventral; no hermaphroditic duct. 

Testes in two lateral fields, discontinuous from proglottis to 
proglottis, ellipsoidal, flattened anteroposteriorly, 40 x 90 x 85 
yp, and 45 to 60 in number. Vas deferens lateral to uterusesac 
with few coils hefore entering the cirrus-sac, 350 x 70-80». Cir- 
-rus-sec ovoid with narrow end outwerc, 174 to 2774 long by 92 to 
102 in diameter. Cirrus straight in outer half cf@ sac, proximally 
coiled or dilated. 

Ovary large, entire, kidney-shaped (isthmus ss thick es the 
wings), 0.6mm. wide, occupying the posterior half of the medien 
portion of early mature segments. Ove conspicuous, nuclei large, 
10-13 in diameter. Cocapt S4pin diameter. Beginning of oviduct 

é2-shaped. Right and left vitelline ducts join ventrally; common 
duct acts as reservoir. Yitelline ?ollicles ontirely within lon- 
gitudinal muscles, discontinuous, intermingling laterally with the 
testes, irregular in shape and size, largest 30, 90 an? 7Opin 
length, width and thickness, respectively. ‘Shell-gland compact. 


Uterine duct with only a few coils close to the median line; uter- 
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us-sac occupies the whole of the dorsoventral dicmeter of the meduld 
la, very wide and short or irregularly circuler or quedrate sur- 
ficially, often lobed, 0.75 to 1.6mm. in transverse diameter, con- 
stently rounded laterally; openings in median zig-zeg row. 
Eggs, 80 - 98plong ty 75 - 92 wide, shell quite transparent. 
Mabitat: Intestine af the host with pseudoscolex imbedded in 


a pyloric coecun. 


- Host Locality Collector Authority 
Gadus mustela = -----««+--- Borke Goeze 1782:410 
; Te eee Tagler . "aie 
" geglifinus arherg Olsson Olsson 1867:54 
7 : Terzen Loennherg Loenn- 
berg 1890:22 
9 ’ Grafverns. & Olsson Olsson 1893:17 
Taset : | 
“ a Arctic Ocean ZooleMused. Linstow 1901;281 
¥ Akad.Viss. 
Petrograd 
F England Nicoll Nicoll 1907;71 
"  callerias Woods Hols, V.N.Edwards Linton 1897:431 
MiasSe 
" “i Aretic Ocean ZooleMused.e Linstow 1901:281 
K fkeadsViss. 
Petrograd 
' ifurman-Klste ? r 1903:19 
r r Nokujev Id., "(Paer) : 
Arctic 


" lota Greiphswald Pudolphi Rudolphil810;48 
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Gadus merluccius Rennes, "rance 


*  morrhue Varberg 
7 . Grend Banks, 
Newfoundland 
: x Pergen 
"  pollachius Rennes 
: Verberg 
e ? Pergen 
r r Grafverna & 
Naset,oweden 
” 7 pes a] 
Millport,Scot- 
Land 
Lote vul Z arig «sss ww enwcwonne 
9 “ Memel & Ross- 
itton 
: x Tvarminne Id., 
Finland 
Morrhue aezglifinus England 
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vulgaris 
¥ : Pelgain coast 
Merlangus carbonarius England 
Merluccius vulgaris “arberg 
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nus Region 
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ficrogadustfomcod 

Yrophycis tenuis . 
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Dujardin 1845:617 


lsson 1867:54 
Linton  1890:750 
Loennberg1890;23 


Dujardin 1845:617 


Olsson 1867:54 
Loennberg1890:22 
Olsson 18938:17 
Nicoll 1910:355 
Peaird 1853:89 


ffuehling 1898:35 


Schneiderl1903h:8 
Cobbold 1858:158 
x " 3159 
Peneden 1871:56 
Cobbold 1858:159 
Olsson 1867:54 
oumner, 
Osborn 
& Cole 1913:586 
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One of the most striking features of this species is the 
presence of a pseudoscolex which is found embedded in the intes- 
tinal coeca or intestinal wall of the host, from which it ia ex- 
tracted only by careful dissection. Goeze (1782 : 412, Figs. 1, 4 
and 5) described a scolex, somewhat elongated, sagittate ani irre- 
gular but otherwise quite comparable to that of other bothrio- 
cephalids, while Rudolphi (1810 : 43, 44) does not seem to have 
found anything but such a structure in Gadus lota. Dujardin 
(1845 : 617) was evidently the first toddescribe the pseudoscolex 
by saying that, " ... la partie antdérieure [of the Strobila) en- 
gagee dana l'appendice pylorique forme une sort de bovchon, un 
oylindre irrégulier, eartilagineux, long de 18mm., large de 4mm., 
ride on toruleux et sans aneune trace d'organisation ..." This 
description, however, was not recognized by Diesing (1850 : 590) 
®Bince he accepted Rudolphi's diagnogis, namely, "Caput subsagitta- 
tum, bothriis oblongis lateralibuse ...", and Baird (1853 : 89) evi- 
dnatly saw two bothria, probably owing to the fact that he was 
dealing with specimens from Lota vulgaris (vide infra). Cebvold 
(1858 : 158, 159) was well acquainted with the pseudoscolex, since 
regarding individuals from the Cod ("Morrhusa vulgaris") he s:id 
that "In a Dod examined on the 15th of March, 1885, two specimens 
of Bothriocephaius rugosus had severally attained a length of 
nearly fifteen inches, and their anterior segments for an inch or 
more downwards, were so firmly impacted within the pancreatic 
eoeca, that it was found impossible to dislodge them without injur- 
ing the filamentary head and neck. As if to make the anchorage 


doubly sure, the cartilagzinous thickening of the invaded pancreatic 
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coecum had decenerated into a ealoareous and contracted cylinier, 
twisted upon itself in various ways." Olsson (13867 : 54) like- 
wise found a paevdoscolex in this aspeciss, which he described ag 
being degenerated in Gadus morrhus to a yellow, elongated mass 
which disintegrated on contact with water. It was 18-25mm. in 
length by about jmm. in diameter, while its position was, as usual, 
in the wwall of a pylorio appendage of the host. He aleo figured 
& young strobila from Gadus aeglifinus, the secolex of which he con- 
gidered to have been invaginated. Van Beneden (1871 : 56) observed 
the pseudozszcolex in his new genus and species, Abothrium gadi, 
which was afterwards considered to be synonymous with A. rugosus, 
stating that "Ils ont la tSte vera le fond des coecums pyloriques, 
percent ordinairement les parois et forment, par la gaine, souvent 
dure et entortilide comme une tabulaire, une saillie 4 la. surface 
de cet organe." So far as the writer is aware, he gave the first 
figure of the structure, a3 it 1s commonly met with, encased, how- 
ever,by the walle of the pyloric coecum in which it was found 
lodged. Von Linstow (1889 : 242) described and figured a scolex 
somewhat similar to that of A. orasgum, escepting that the apex 
wag hollowed out to form a six-gornered opening which communicated 
with both bothria. Linton (1890 : 750) found pseudoscolices in 
examples from the codfish, "Gadus morrhua", whieh were much as de- 
scribed by Olsson, ginse "each of the specimens in this lot has the 
head and anterior part of the body buried in the pyloric caeoa, 
where they have undergone degeneration to such an extent that no 
appearance of bothria remains. Around the parts thus enveloped by 


the gaecs is a yellowish waxy deposit, the dercenerated tissue of the 
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oseca. This adventitious tissue invested the worm so closely that 
it would be absolutely impossible for the parasite to free itself 
from its host."® The next important reference to the acolex was 

by Loennberg (1891 : 75 ) who, while accepting Van Beneden's new 
genus, Abothrium, referred the specics back to rugosum of Batsch, 
and described the metamorphosis of the anterior end of the strobila 
into the well known pseudoscolex, accounting for the various forms, 
such as figured here. It is noteworthy, however, that he did not 
state specifically that bothria are present in very young scolices, 
before this transformation takes place, nor did he give any figures 
to illustrate the latter. Matz (1893 :; 114) deseribed and figured 
a typical scolex for a epecimen 36em. long from Lota vulgaris, 
while Schneider (1903a : $9). in delineating a similar structure for 
the species from the same host, pointed out its great similarity 

to the e@olex of B. proboscideus (= A. grassum). Perhaps of sig- 
nificance in connection with the question of the metamorphosis of 
the organ is his statement that "Der genze Scolex kann sich namlich 
durch verechiedene Contraction seiner Muskeln in ein pfeitlformiges, 
oder fast cubisches, oder sogar sichelformiges Gebilde verwandein." 
Later Johnstone (1907 : 170,171) deseribed the pseudoscolex with 

| considerable detail, finding quite the same conditions as did Linton. 
On acoount of never meeting with anything like a typical scolex in 
adult worms he was led to conclude that "Probably in young codling, 
reoently infected, a stage of the cestode with such a scolex might 
be found but doubtless with inoreasing age the changes mentioned 
above occur, and the normal structure of the head disappears.* And 


lastly Scott (1909 : 85) made somewhet similar statements, pointing 
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out that " ... no setisfactory description of this part of the worm 
(the pseudoscolex) has yet been published.*® Thus we see thet, 
aprt from Olsson's (1867 : 54) finding in Gadus aeglifinus of a 
possible young stage in the degeneration of the scolex of thie 
species, no one has, as yet, figured in deteil its metamorphosis, 
Loennberg, however, giving the only description of the process. 


On the other hand, a typical soolex has been described by several 


game species in Lota vulgaris, but sinee there is evidence that 
the latter is quite different from the species found in marine 
Gadidae and since the specimens from Lota maouioss, studied oy the 
writer, were found to belong to the well known A. crassum, we must 
attribute & peeudoscolex only to adults of A. rugosum, ut least 
until the confusion (vide infra) which exista in the literature re- 
garding the form from Lota oan be deaned up by further investiga~ 
tion. 

Two forms of acolex which were dissected out by the writer 
from the pyloric coeos of Melanogrammus aeglifinus, the Haddock, 
and Gadus ocallerias, the Cod, as shown in Fige. 87 and 88, respec- 





tively, the latter being from the largest specimen ct hand, while 
what is doubtless a younger stage in the degeneration of the scolex 
ie shown in Fig. 86 from the intestine of a Haddock, A series of 
transverse sections of this one, brought out that the internal 
anatomy was quite suggestive of a typical sxolex, that of A. erasseum 
for example, As shown in the figure, the struoture ie somewhat 
flattendd; and thie flattening was found to be a dorsoventral one. 
While there were only faint suggestions of bothria, especially 
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towards the tip, the arrancement of the muscles, nerves and exore- 
tory vessels pointed to this being possibly not far removed from 
the typical form of soolex; and this view is supported by the facts 
that it was found free in the anterior part of the intestine of the 
Haddock, altho, unfortunately, the length of the strobila was not 
recorded. Among a lot of material taken from several Haddock two 
examples of the sgolex, as it would seem to be at or about the 

time degeneration sets in, were found. The first one, shown in 
Fig. 84, was from the smallest satrobila at hand, 32mp. in length, 
while the other, Fig. 85, from an older chain only the anterior 

end of which was present with a length of 32mm. and maximum breadth 
of 32.5. As indicated, the second is evidently the older from the 
standpoint of the metamorphosis, since it is more conical and less 
separated from the neck region which is slightly gwollen, while the 
bothria are disappearing os the whole structure is approaching the 
stage represented by Fig. 86. In Fig. 84 are seen somewhat more 
efficient bothria, but the shape of the organ points to a consider- 
able amount of degeneration having already taken place. The second 
form of scolex is shown in Fig. 87. Here the structure is like- 
Wise not embedded in the wall of the pyloric caecum in which it is 
found but free in its lumen, the anchorage for the strobila being 
obtained by the close approximation of the mouth of the caecum 
around the nagrow neok region and the concomitant swelling of the 
more distal portions. Furthermore, the indications are that a con- 
siderable portion of the anterior end of the strobila is involved 
in the formation of the organ, especially since it is comparatively 


_ large. The third form observed is shown in Fig. 88, where degennmr- 
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ation has gone on to such an extent that there remains only a 
filamentous, horny or cartilaginous yellow masa, deeply imbedded 
in the wall of the caecum, from which it was dissected with con- 
siderable difficulty. Only the tip is shown, there having been 
about Smm. more to the region where it left the host tissues and 
passed insensibly on to the anterior portion proper of the strobila, 
which latter showed only faint transverse wrinkles and no distinct 
division into segments, as is seen, with some irrecularity, however, 
in Fig. 87. This form of pseudoscolex was found, as described by 
Olsson, Linton and Johnstone, to be surrounded by the tissue of 
the coecum degenerated to a yellow waxy mass which, when freed from 
the surrounding tough tissue, crumbled easily under the dissecting 
instruments. The comparatively great extent of the organ longi- 
tudinally in the wall of the host's pyloric ecoecum, as the measure- 
ment indicates, need not be emphasized if one has ever endeavored 
to dissect it out entire! 

As stated above there is considerable evidence in the 
literature of this species to indicate that the form found in marine 
Gadidae and called A. gadi by van Beneden (1871 : 56) is not the 
same as that found in the only fresh-water gadid, vizg., Lota. In 
endeavoring to place a number of specimens from Lota magulosa, it 
was found that in many points they agreed with thelleseription given 
by Matz for A. rugosum. The scolices are more or lesa alike, no 
pseudoscolex (see below, however) being present; the longitudinal 
muscles are not in bundles; the nerve strands are dorsal to the 
Girrus and vagina; the genital oloacae are irregularly alternating 


from side to side; the vagins oper ahead» of the cirrus instead of 
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behind; the testes are continuous from proglottis to proglottia; 
the vitelline follicles are located among the longitudinal muscles 
and are discontinuous; and the uterus-saes are rounded laterally; 
of which characters, however, the position of the nerve stranda and 
the alternation of the cloacae are applicable to the material from 
the marine Gadidae studied. In many more points, on the other 
hand, the species agreed with A. grassum, so that the writer was 
obliged to consider it to belong to that species. A comparison 

of Matz's description with that of Loennberg brings out many differ- 
ences. lLoennberg described a pseudoscolex, calcareous bodies, the 
longitudinal muscles in bundles, the other sets of mrenchymatous 
muscles as above described, the vagina opening behind the oirrus 
and ventrally, testes discontinuous, vitelline follicles within 

the parenchymatous musocle-sack and also discontinuous, none of which 
eharacters.are to be found in Matz's description, but all of which 
are present in the material at hand from marine Gadidae. It is to 
be noted here that Loennberg accepted the specific name rugosum of 
Rudolphi instead of the gadi of van Beneden, which as will be seen 
presently may not be admissable. Going back, then, to the only 
other amd the earliest description of the anatomy of the specics 
that of Linstow (1889 : 2423-5), we mect with similar difficulties 


and confusion. Linstow gave as hosts for the species, which he 


galled B. rogosug Rud., Gadug aeglifinus, G. morrua, Merlangus 
garbonarius, M. pollachius, Merlucius vulgaris, Lota vulgaris, L. 
molva and Motella mustela. Characters in his deseription not 
applicable to the material studied were: No pseudoscolex, but szolex 


of a rather peculiar shape and structure terminally (vide supra); 
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nerve strand 56y in diameter; 10 excretory vessels anteriorly 
arranged in two groups of five seach; genital cloacae unilateral, 
between the middle and hinder thirds of the edge of the proglottis; 
vagina opening ahead of the cirrus; length of eirrés-sac 0.42mm. 
(1); ovary 0.14 x 0.lamm.; uterus spherical when obviously young; 
and eggs 59 x 43m. Testes with a diameter of GOp, vagina 16- 
a6, in diameter at the beginning, and two vitclline ducts, be- 
sides a few other minor points in the general “anatomy, agree, how- 
ever, with the species as studied by the writer. Thus wé see that 
there is by no means anything like complete agreement as regards 
details among the three descriptions by Linstow, Loennberg end 
Matz. But this does not scem to have inconvenienced many of the 
writers since then, notably Ariola (1900 : 433) and even Luehe 
(1900a) whose references to the position of the vitelline follicles 
and the ventral bow in the vagina are at variance with conditions 
found here; altho Johnstone (1907), Scott (1909) and Nicoll (1910) 
were ovviously dealing with the form described by Loennberg. 
Sehneider (19032 : 7-10) seems to have béen the only one who point- 
ed out the differences between the form from Lota and that from 
marine Gadideae. He said: "Bothriotaenia rugosa gleioht sowohl in 
ihrem Aussehen, 2ls auch in ihrer Anheftungsweise ausserordentlich 
der Species B. proboscidea, die in unseren Lachsen (Salmo salar) so 
massenhaft vorkommt. Trotzdem pflegt man sbher seit Rudolphi, so- 
viel mir bekannt, immer die in Lota meist vorkommende Form ala eine 
gétrénnte Species aufzufassen unter dem Namen "rugosa" (Bothrio- 
eephalus rugosus Rud. = Dibothrium rugosum Diesing U.3.¥.), Ob- 
gleich die unterscheidenden Merkmale zwischen B. proboscidea und 
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B. rugosa, die Riggenbach in seinen "Bemerkungen ueber das Genus 
Bothriotaenia Railliet" Ubersichtlich zusammenstelit, recht unbe- 
deutend sind und vielleicht doch noch im Rahmen der Variationsbreite 
einer einzigen Species untergebracht werden kénnen;" and, as regards 
the latter, in a footnote: "Die von M. Luehe ... ala Unterscheidungs- 
merkmal vorceschlagene Lage der Dotterstécke zum Theil (B. rugosa), 
baw. auschlicsslioch (B. probosgidea) zwischen den Langsmuskeln, 
acheint mir zuch nicht genugend constant mu sein, um ala Species- 
merkmal verwandt werden zu kOnnen." For material from Leta vul- 
gris Schneider described a scolex and segmenta both similar, as 
he pointed out, to those of B. proboseidea (= A. orasgum). The 
arrangement of the genitel closeae, irregularly alternating but 
unilateral for long stretches, the openings of the uteri in a long- 
itudinal furrow, the carly form of the uterus-sac and the size of 
the egge (64.5p x 50-524), aa deseribed by the same worker all 
agree with A.craseum as studied by the writer (cf. infra). In con- 
Glusion Schneider said: "Uebrigens habe ich, wie gesagt, auch an 
die Examplaren aus dem Museum keine Pseudoscolexbildung bemerkt 
und zweifle daran, dass B. rugosa und B. gadi ein und dieselbe Art 
gind" and further, "Es ist mir Ubrigens bisher noch nicht gelungen, 
B. rugosa oder B. gadi im Gadus morrhua des Finhischen Mesrbusens 
aufzufinden, obgleioch ich zahlreiche Exemplare des Dorsches seciert 
habe, und obgleich B. rugosa in Lota vulgaris hier oft genug vor- 
kommt. Auch das soheint gegen die Identitat der Species B. rugosa 
mit B. gadi zu spreshen." 

Thus we see that there is considerable detalled evidence 


thtt the species from Lota is not the same as that from the marine 
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hosts. We must then go back of Linstow's time in order to deter- 
mine, if possible, what is the oorrect name for the latter. Next 
in retrogressive order is van Beneden's (1871 : 56) description 

of A. gadi, confined to a short footnote which deals with little 
more than the pseudoscolex. So far as it goes thie agrees with 
Loennberg's A. rugosum and with the material studied by the writer. 
Olsson (1867 : 54) was obviously dealing with the same form which 
he reported from marine hosts only. Diesing (1863 and 1850) copied 
from Rudolphi while Cobhold (1858) had the marine form before him, 
and Baird (1853) had the fresh-water form. In spite of Linstow's 
objection the writer feela certain that Dujardin (1845) elao hod 
the species dealt with here, especially sinee his measurements of 
the eggs come nearest to those observed than to those of any other 
writer. It remains then to enquire into Rudolphi's finding and 
desoription, Leuckart (1819 : 57) copying from him altho at the 
game time remarking that "Ist am nichsten mit den B. proboscidens 
verwandt, und, wenn er nicht eine Art mit diesem ausmacht zwischen 
B. proboscideusund B. sagittatug zustellen." For B. rogogua 
Rudolphi (1810 : 42-43) described a seolex, quite comparable to 
that of his B. provoscidems and to Linstow's des¢ription and figure 
of the organ, no neck and segments "primi angusti, fere quadrati, 
insequentes latitudinis yatione habita brevissimi, sacpeque inequal- 
ea, vel hine inde angustiores; margints abtusi crassiusouli." 

This with "neque ovaria, neque foramina artioulorum vidi ... " and 
the further fact that he obtained his specimens from Gadus lota 

(= Lota wulgaris), leads the writer to believe that he was not 
dealing with the form present in marine hosts but with a form 
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whieh, if not identioal with A. orgasum, -- hie B. infundibuli- 
formis and B. provoscidena, -+ wae very ¢lose to it. We must then 
go back farther to Batsoh (1786 : 208-S) where the species, T. 
rugosa was named on the basis of Goevze's (1782 : 410) desoription 
of "Der runzlichter Fischbandwurm" from Gadus mustela (= Motella 
mustela), the marine five-brearded Rockling of Europe, whieh the 
latter called T. tetragonoceps Pallas with some doubts, however, 
ae discussed under the next species dealt with here. Batech gave 
the following diagnosis of T. rugosa: 
"Taenia (larvata)eapite ennico eum corpore 

subconfluente, papililie lateraliter adnatis usque 

ad apicem oapitia, eisque binis: articulis brevis- 

gimis, dilatatis, corpore aerrato." 
He used Goeze's Pigs. 1-4 and pointed out that he (Goeze) reeog- 
nized differences between his specimens and Pallas' T. tetragone- 
geps, for "Er rechnet beyde Wirmer fur eine Art, und die Glieder 
nebst dem ganzen Korper haben viel Gleichheit, auch die dussere 
Gestalt des Kopfs. Doch sind bey diesem letatern die Saugblasen 
bey weiten nicht so devutlich cezeichnet, und atellen vielmehr, wie 
sich GStze ausdrickt, zwey Buckenbarte vor. Die Furche auf dem 
Korper ist avch vorhanden, nur scheint der Korper mehr geatreckt, 
und am Rande mehr zackig zu seyn." Consequently the correct name 
of the speies depends on whether we consider Goeze's deseription, 
sugmented by Batach's contributions, to be applicable to the 
material at hand. The largest of Goeze's specimens measured in 
warm water a yerd and a half in length by soarcely one+half a line 


in breadth; but the latter is decidedly at variance with hia Pigs. 
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1 and 2 which he said were drawn in "natlirlicher Grbase", in which 
ease the width would be from 7 to 15 lines ani the scolex about 
12.5 lines (6mm.) in length! For euch large specimens, ~~ even 
tho we consider only the first set of measurements, -~ he described 
and figured nothing of diagnostic value other than « seolex pro- 
vided with two bothria pretty mich of the ordinary type, behind 
this a "distinctly jointed" and "slmost cylindrical” neck and slong 
both surfaces of the posterior closely crowded segments a median 
longitudinal furrow, 211 of which characters more nearly agree 

with the proboscideum type of_A. crassym (vide infra) rather than 
with the A. rugosum deseribed above. And since the letter is 
elearly not T. tetragonoocps Pallas as deséribed by Batsch (1.c.: 
204-208), the only course that seema open to he writer is to refer 
the species to ven Beneden's Abothrium gadi. However, in view of 
the fact that no material from the European ling (Lota vulgaris) 





Was available for a compsrative study, he dees not feel justified 
in taking this step, but here retsins at least tentatively the 
specific nome Abothrium rugogum (Botech, 1786) (nec A. rugosum 
Goeze, 1783). 

The material studied consisted of seven lots from Meleno- 


grammus se¢lifinus, and one from Gadus ca@liarias, from the writer's 
Collection; end one lot from the latter host from Coil. Univ, Ill. 
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Species 2. Abothrium crassum (Bloch,1779) 
(Figs. 93 —106.) 


Taenia crassa 

Taenia saluonis 
_Taenia tetragonoceps (part. ) 
Taenia capite truncato 
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Taenia proboscis suilla 
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Taenia proboscidea 


Taenia salmonis 
Taenia salvelini 





Taenia salvelini 





Taenia salmonis 


Taenia salmonis 


Taenia proboscides 
Bhytis salvelini 


Bothriocophalus proboscides 
Bothrioe.e infundibuliformis 
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Bothrioce proboscidea 
Bothrioce infundibuliformis 
Bothrioce proboscidea 
Bothrioc. infundibulifornis 
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Mueller 
Pallas 
Bloch 
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Rudolphi 
Zeder 
Rudolphi 
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Lamarck 
Rudolphi 
Rudo lphi 


Leuckart 
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1900 Bothriot. proboscidea Aviola 1900 ; 433 
1900 Abothrium crassum Luehe 1900a: 97 
1909 Bothrioc. probosci‘eus Scott 1909 : 78 
1910 Abothrium crassum Luehe 1910 3: 26 
1910 Abothrium crassum Vard 1910 : 1184 


Specific diagnosis: With the characters of the genus. Large 
cestodes with maximum length, breadth and thickness of 870, 6 and 
omm.e respectively. “Scolex variously shaped; usually rounded pos- 
teriorly and truncated anteriorly; with prominent bothrie and ter- 
minal disc. First segment may or may not be elokated to form a 
short neck. Proglottides at first broad and short or more qua- 
drate, cuneate or infundibuliform in shape; then, in the middle of 
the strobila, five or more times broader than long; and finally 
posteriorly quadrate or as long as broad. Usually a median lon- 
gitudinal groove down each surface of the strobile formed by emor- 
ginations on the posterior borders of the segments. 

Cuticula 4 to 5uthick, subcuticula6O to 100p. Calcareous 
bodies (?) absent in adult strobilas. Longitudinel muscles not 
in bundles; no muscular septa between proglottides. Nerve strands 
40,in diameter, dorsal to inner end of cirrus-sac. 12 chief ex- 
cretory vessels, 6 on each surface just within the transverse 
muscles, reduce’ to 6 or 8 anteriorly. 

Genital cloaca irregularly alternating, but unilateral for 


long stretches; from one-third to one-half way along the margin 
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of the proglottis. Vagina opens shead of and slightly ventral to 
the cirrus; no distinct hermaphroditic duct. 

Testes within the nerve strands, pseudostratified, continuous 
from joint to joint; elongated dorsoventrally, 95-115 x 70-1004 ; 
40 to 150 in number. Vas deferens lateral, elongated, with few 
coils before entering the cirrus-sac, 350-600 x 150-180» in dimen- 
sions. Cirrus-sac ovoid with narrow end outward, 130-380 x 60-150" 
Cirrus proper an almost straight tube in outer half of sec. 

Ovary comparatively small, irregular or somewhat lobed, with 
thick isthmus, o.8mm. wide by 0.13 long. Oocapt 40pin diameter. 
Usually two ventral vitelline ducts unite to form a common duct 
which does not act as reservoir. Vitelline follicles irregular in 
shape and size, among the longitudinal muscles or outside of then, 
discontinuous. ‘Shell-gland small, compact,dorsal. Uterine duct 
with on}y a few coils near the medien line. Uterus-sac transversely 
elliptical or quadrate and somewhat lobed, rounded laterally, fil- 
ling up almost the entire proglottis when gravids opening in the 
median line opposite emarginations of segments. : 

hggs, 45-115 x 30-75, Svoid or ellipsodd in shape. 

Nabitat: In the pyloric coeca and intestine of the host. 


Host Locality Collector Authority 
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This species, originally given the specific name of 
Taenia crassa by Bloch (1779 : 545), was on the ene hand confused 
with A. rugosum and on the other given the new name Taenia probo- 
scis suilla by Goeze (1782 : 410-11, 417, resp.) according as it 
was found in Gadus or in Salmo salar, which confusion was evidently 
due to the fact that the latter followed Palias (1731) in calling 
it T. tetraganoceps. In a footnote he considered, in fact, that 


T. tetragonoceps Pallas, Taenia orassa Blech and T. capite thneate 
Bleach were all synonymous. But in spite of this he expressed 





doubt on the synonymy of the forms from the Gadidae and irom the 
Salmonidae. As the above synonymy indicates the species was then 
known for a number of years under at least two names, Bothrioce- 
cephalus infundibuliformis and B. proboseides which were used by 
Rudolphi (1910 : 46, 39) for the two formes from freshwater and 
marine salmonids in general. It was not until 1884 that Zschokke 
made a detailed comparison, -- it is true of external characters 
mostiy, -- of the two species from a number of different hotts, and 
showed that they must be considered only different forms of the 
game species. Later investigations into the anatomy by Matz (1892 
110), who, however, studied only the proboscideus form from Trutta 
trutta and Salmo salar, have been considered to have established 
this contention, altho Olsson (1893 : 17) still reported both of 
‘the older species with some doubt as to the use of the name B. in- 
fundibuliformis. Blanohard (1894 : 701), Ariola (1896 : 380) and 
Riggenbach (1896 : 233) evidently acceptedonly the latter specifie 
name, while Luehe (1899 : 39) first used the combination Abothrium 


crassum (Bloch) which is now generally accepted. Ariola (1900 : 
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433), it might be mentioned finally, called the species (Bothrio- 





taonia proboseidea (Batseh), thus disrezarding the faot that Ba tah 
(1786 3 312). renamed Bloch's T. crassa. 

As regards the scolex, various forms of which are shown 
in the figures, the specimens from Lota maculosa, the common 
Ling or Burbot, need speoial mention, since, as shown in Fig. 98, 
the terminal dise and anterior half of the organ is in many instane- 
ea greatly awollen to form a sort of pseudoscolex which is perhape 
well adapted to maintaining its position in the narrow pyloric 
eaeoun of the host. But this modification waa found only in the 
older strobilas of the fovr lots examined. In the younger chains 
the scolex is 23 shown in Pigs. 96 and 97 which are drawn to the 
Game scale as that of Fig. 98. The largest with this first form 
of scolex was 23mm. in length by 1.5 in breadth while the shortest 
With the swollen end was 45 x 1.5mm., so that somewhere detween 
the lengthe of 20 and 45mm. the me tamorphie takes place in all pro- 
bability. No distinct imtermediate stagee were yeen altho the 
smaller scolices were varied in shape and degree of intactness. 
The latter might seem to point to the condition being due to me- 
chanioal or physical means, but thie is offset by the fact that 
the materisl was found to be in good histologicsl condition when 
sectioned; henee the idea of a possible metamorphosis. Unfortu- 
netely the material did not permit of anything more to be said on 
this matter, 

In the anterior segments of considerably relaxed or espe- 
Gially young strobilas something of the manner of segmentation can 


be seen. Thie wae found to take place much as in the genus 
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Bothriosephalus, altho the writer was not able to distinguish the 
primary segments to his satisfaction. That was considered to be 
such ia shown in Fig. 939, a etretch of segments becinning 27mm. 

from the anterior snd of the strobile in question. The ides of 
dominsnoe of the anterior portions over the posterior portions, 

as dealt with under B. seorpii, is here ovrought out very nicely. 

In the probosoidieus type of stroblile the same method of subdivision 
was followed in the anterior segments, altho with grester diffical- 
ty on account of the fact that the segments are so closely crowded 
together longitudinally. Olsson (19867 : 53) noticed the subdivision 
of the segments producing an alternation of larger and smaller ones, 
but he considered it to be an artioqulatso spuria similar to that 
described by Wagener (1854 : 69) for Amphicotyle heteropleurum and 
by Krabbe (1965 : 37) for B. soorpii and other especies. Later 
Oleson (1893 : 17) stated thet transverse divisions ocourred in 
B._infundibuliformis 1° well aa in B. probogcideus. 

The youngest lots of material, studied by the writer were 
two taken from Lota maculosa from Lake Ontario, off Port Credit, 
Ontario,, and one from the intestine of a young Cristivomer 
namaycush from the same locality. The lot from the Lake Front 
contained all stages from that shown in Figs. 104 to the largest 
which by comparison with adult specimens from the same hoat were 
found to belong to this apeoies, While no stages were found be- 
tweon that shown in Fig. 104 and that in Fig. 102, -- altho two 
others were only slightly larger than the latter, -- it seems rea- 
sonable to consider the latter iteelf to belong to this series and 
to represent the earliest stage of the same. Figs. 105 and 106, 
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of two later stages, are given to show the manner of beginning of 
the segmentation ond the early dropping off of two or more very 
immature segnents from the posterior end. The first indications 
of this is probably represented in Fig. 104, sltho the atrobila in 
Fig. 105 does not show it. The relative dges, however, of these 
two is difficult to estate définitely since the first one is more 
contraeted longitudinally than the other. On the other hand, two, 
intermediate in length between those shown in Figs. 105 and 106, 
were indented posteriorly, thia showing that some of the earliest 
segments had already been lost. Thus we eee that at\a very carly 
period in the development of the atrobila of this species a few of 
the first formed ssgmente are lost 1n much the game way os the 
bladder of the cysticercus of the taenloid cestodes is cast off in 
the final host. 

| The material atudicd conetsted of five lote from Salmo 
salar, eleven from Ori ati vomer namayough, two from Cqeconus elupei- 
formia, ond S90 from Lote, magulogs, ell from the writerg aollec- 
“thon; and, eight lots from 9. namayoush, end two from L. miguiesa 
from the Colieat,of the University of T1l4nofe. 
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EXPLANATION OF PLATE I. 
Ligula intestinalis, scolex of larva. 


" * » anterior end of adult. 


- . » median portion of a transection 

thru the genital cloaca. 

Ligula intestinalis, union of vagina, oviduct and vitel- 
line duct. 

Ligula intestinalis, toto of larva from Micropterus dolo- 


mieue 


Schistocephalus sélidus, anterior end of larva. 





", median portion of transection 


thru the ovary. 
Schistocephalus solidus, median portion of transection 





thru the seminal vesicle and cirrus-sec. 
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EXPLANATION OF PLATE II. 

Fige 5. Ligula intestinclis, larve from liver of Gasterosteus bi- 
spinosus. 

Figel0. Haplobothrium globuliforme, outline of smallest larva at 
hand. 

Figell. Haplobothrium globuliforme, scolex, toto. 

Fig.l2. ” “ » primary strobile, toto. 

Fig.13. : id » secondary scolex, surficial 
view. 


Figel4. Haplobothrium glabuliforme, same, lateral view. 


Fig.15. : . , transection thru scolex. 

Fig.16. - , » the ganglionic mass. 

Fig.17. : r » transection thru proboscis 
bulb. 


Figel8. Cyathocephalus americanus, scolex, toto. 
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EXPLANATION OF PLATE III. 
19. Cyathocephalus americanus, transection thru ovarian is- 





thmus. 

20. Cyathocephalus americanus, diagram of medial sagittal 
section. 

21. Cyathocephalus americanus, frontel section of ripe pro- 
glottis. 

eee Cyathocephalus americanus, oocapt containing an ovum. 

23+ Marsipometra hastate, scolex, surficial view. 


24. “4 " , same, lateral view. 

256 : " , transection thru ovarian isthmus. 
26. . ", toto of ripe proglottis. 

276 = " , genitel cloaca from frontal section. 
28. * " , cirrus-sec from a transection. 
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30. a " , older larve. 
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EXPLANATION OF PLATE IV. 


Triaenophorus,larva, robustus type, surficial view. 
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Bothriocephalus scorpii, 


” " 

’ 
” bid 

9 
w ? 
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, 
rudiments, toto. 


Bothriocephalus scorpiiy 


" ” 
E 


cretory vessels. 


» same, lateral view. 

» same, one of the tridents of hooks. 

3 larva, nodulosus type, surficial view. 
, same lateral view. 

» same, a trident, end view. 


, same, surficial view. 


scolex,surficial view. 

same, lateral view. 

three anterior primary segments, 
one farther back, also toto. 


another showing reproductive 


transection thru ovary. 


portion of strobile showing ex- 


Bothriocephalus scorpii, outline of mature segments. 
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Fig. 47. 


EXPLANATION OF PLATE VY. 


Bothriocephalus scorpii, toto of mature proglottides. 


” 


site. 


", medien sagittal section compo- 


Fig. 48. Bothriocephalus scorpii, toto of two segments. 


Fig. 49. 


Fig 50. 


Fig. 51. 
Fig. 525 


Pig. 53. 
Fig. 54. 
Fig. 55. 
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» portion of section showing un- 


ion of vagina with oviduc$. 


B. claviceps, 
view. 
B. claviceps, 
n ” 
, 
view. 
B. claviceps, 
" ” 
> 


from Eupomotis gibbosus, scolex, surficial 


seme, lateral view. 


from Anguilla rostrata, scolex, surficial 


from Eup. gibbosus, trensection thru ovary. 
same, toto of mature proglottides. 


same, median sagittal section. 
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EXPLANATION OF PLATE VI. 
56. B. cuspidetus, scolex, surficial view. 


57. " . » same, lateral view. 

68, ” . » transection thru an anterior segment. 

59. " : , transection thru ovary of mature proglottis. 

60. " . , toto of ripe proglottides, posterior in 
deeper optical section. 

61. Be cuspidatus, median sagittal section , composite. 


ee. * " » young egg, showing en early stage in de- 
velopment. 
63, Be cuspidatus, oleder egg, many celled stage. 
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EXPLANATION OF PLATE VII. 


B. manubriformis, 


n n 
tt ”? 
” " 
” nv 
"7 " 
section. 


> 


3 


B. manubriformis, 


scolex, surficial view. 

seme, lateral view. 

nnterior primary segment. 
transection thru anterior region. 
toto of mature proglottides. 


cirrus-sec and vaginal bulb ih tren- 


transection thru uterus opening. 


B. occidentalis, scolex, aféér Linton. 


" w 


, cirrus-sac in 2 transection. 


Clestobothrium crassiceps, scolex, surficial view. 


” 


n 


. » seme,latereal view. 


, same, terminal view. 


, toto of scolex and anterior 


end 
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EXPLANATION OF PLATE VIII. 


77. C. crassiceps, toto of young strobile. 


7% ° r » primary segment with reproductive rudi- 
nents, toto. 
79. Ce crassiceps, segments showing spurious erticulations. 


80. " . » transection thru ovary. 

a, _” . , toto of mature proglottis. 

62. * r , median sagittal section, composite. 

a3. ° 4 , four consecutive sections thru union of 
vagina and oviduct, showing the recepteaculum seminis. 

84. Abothrium rugosum, scolex of young strobile. 


85. y " , later stage in degeneration of same. 


86. 7 " , still later stage. 
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EXPLANATION OF PLATE IX. 
87. Abothrium rugosum, pseudoscolex from lumen of pyloric 
-coecum of host. 
88. Abothrium rugosum, pseudoscolex imbedded in wall of coe- 
Cul. 


89. Abothrium rugosum, transection thru ovarp. 


90. P ", terminal excretory vesicle. 

91. " , frontel section of mature proglottis. 

92. . *" , union of vagine and common vitelline 
duct with oviduct. 

93. Abothrium crassum, scolex of specimen from Salmo salar, 


surficial view. 


94. Abothrium crassum, same,lateral view. 


95. x ", scolex from Cristivomer namaycush. 
96. . "  , scolex from Lota maculosa. 


97. . " $3 seme, lateral view. 
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EXPLANATION OF PLATE X. 


98. Abothrium crassum, enlarged scolex from Lota maculosa. 


99. ss ", anterior segments of strobila from 
Coregonus clupeiformis, toto. 
100. Abothrium crassum, transection thru ovary of specimen 


from Salmo salar. 

101. Abothrium Grassum, toto of ripe proglottis of chain 
from C- clupeiformis. 

102. Abothrium crassum, plerocercoid from C. namaycush, sur- 
ficial view. 


103. Abothrium crassum, same lateral viow. 


104. .. ", young strobile from same host. 
108. “¢ " , older strobile from same host. 
106. . " , still older strobila, showing drop- 


ping off of segments posteriorly. 
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VITA. 


Arthur Reuben Cooper. 


Born at Brinston, Ontario, Canede, October 30. 

Attended the local public school. 

Attended Iroquois High School, Iroquois, Ontario. 

Entered the University of Toronto with the Seventh 
Edward Blake Scholarship in General Proficiency at 
the Honor Matriculation Examinations. 

Pursued the honor course in Biology in Victoria Coll- 
ege, obtaining the Gold Medal in "The Science of Bio- 
logy". 

Obtained the degree of Bachelor of Arts from Victoria 
College, University of Toronto. — | 

Class assistant in general Biology. 

Obtained the degree of Master of Arts with "Honors" 
‘fren University College, University of Toronto. 

Demonstrator in zoology, University College. 

aie summers at the Lake Biological Station on Geor- 
gian Bay, Go-Home Bay, Ontario. 

Fellow in Zoologyy University of Toronto. 

Two summers at the Marine Biological Station at Saint 
Andrews, New Brunswick. 


Demonstrator in Zoologys University of Toronto. 


Fellow in Zoology in the University of Illinois. 
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1916.ecceceses Summer at Marine Biological Leboratory at Woods Hole, 


Mass. and Harpswell Laboratory, South Harpswell, Me. 


1916.eeeeee+ Elected to the Illinois Chapter of the Society of Sig- 


ma Xi and to the American Microscopicel Society. 


1916-1917... Honorary Fellow in Zoology, University of Illinois. 


Publications: 


(1) 


(2) 


(3) 


(4) 


(5) 


On the Systematic Position of Haplobothrium globuliforme 


Cooper. Trans. Roy. Soc. Cane, Series III, VIII, Sect.1: 








1-5. 1914. 
A New Cestode from Amia calva Le Trans. Roy. Can. Inst? 
10(2) :81-119. 3 pls. 1914. 
Contributions to the Life-History of Proteocephalus 


ambloplitis. A Parasite of the Black Bass. Contrb. to 
Cane Biol., 47th Rep. Dept. Fisheries, Ottawa, Canade, 
Fasee II 3177-194. 3 pls. 1915. 
Trematodes from Marine and Fresh-l’ater Fishes, includ- 
ing one Species of Ectoparasitic Turbellarian. Trans. 
Roy» Gea» Cane, Series III, IX :181-205, 3 pls. 1915. 


Notes on Porocephalus globicephalus, In conjunction 
with Thesle T. Job» « Journ. Parasitology, 3(3) :138. 
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